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(54) Title: DISPERSION COMPENSATION SYSTEM 

100 (57) Abstract: A demultiplexer in a dispersion compensation system of the invention sep- 

arates an optical signal in a 1520-1620 nm band propagating through a first common trans- 
mission path into two bands, i.e., C band (1520-1565 nm) and L band (1565-1620 nm). The 
demultiplexer then sends the optical signal in the C band and the optical signal in the L band 
to a first branch path and a second branch path, respectively. A first dispersion compensation 
device is provided in the first common transmission path to compensate for dispersion in the 
C and L bands. A second dispersion compensation device is provided in the second branch 
path to compensate for dispersion in the L band if the dispersion compensation by the first 
dispersion compensation device is insufficient It is thus possible to sufficiently compensate for the dispersion of an optical trans- 
mission path in a wide signal band. 
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m3(DmMmizm&$-&;Mmisx^& 3 0 otit ^ 1 (D^mmn^ 

M-f *3 4 1& N #iMitM# 5 ±0. 5ps/nm/km^ £t>Bi;L<y:± 
0. 2ps/nm/kmttTi:^5 c t^:C^> K£:fett3#ifc£*fi{»U Sg2 
©#ifcMft^--f X 3 4 2 tt„ #M!^#± 0 . 5 p s/nm/kmJ-m £ t) 
M£U<&±0. 2p s/nm/kmWTt^^i^tL/^ K tcjslt S#iSc£ 

1 o~2 o Gb i t/ste¥<D^m<Dftmm*ftozbft-RjmhteZo 
&l±s m3(Dmmmiz-^^^^-w:mm^^^^3 o ot-it le-^-^^i 5 

2 Onm-l 6 2 Onm®?^ C/\*> K {--tn^T&il 1 ©MifSr/H ^ 3 
4 ilz ffimgtl. L/t> Ft^^Tlif 20^iir/WX 3 4 2 

*mmftm&^is^i±<nm4<Dnmmiz^\\xmwTz> a mA\±. 
m^cDnmmiz^^wmm^^AA o o<Dmv&mf&mx&2, 0 &mmm 
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tA4o oa\ m2commmizmz>frmw%i'XT2>2 o o<Dmmzm^xitm 

^15 l~15 4^ICix.H^o 

&ii*S2£ 1 5 1 , 1 5 3 &m 1 2 1 ±{z|S(t ^tiTiJ C^* 

> KcMffi-^&iiifST&o fttiiHSf 1 5 2 , 1 5 4 2 ©#ii£fci£g§ 1 

:fc£t>*fg2©#l!£i£3t8&l 2 1,12 2<D?ti?ncDX±ltmi\tft±}iffim<D'J>ti: 

< t$)-jnzmft>tiTi>tn££*)2> 0 £tzytm<mmtisTi£s mu" crosstalk 

Bandwidth in Backward Pumped Fiber Raman Amplifiers" ( IEEE PHOTONICS 
TECHNOLOGY LETTERS, NOVEMBER 1999, VOL.11, NO.ll, pp.1417-1419, Jun 
10 Shan Wey et al.) tZ ftX ^ £ £ O & ^ V >fi«S2§£fflV> & CI £ #T § 2> 0 

z(D£oizm4 commm £ & a> # ^tjtfifjt ^rA4oot-ii, ft-^s^ 

1 5 2 0 nm~ 1 6 2 0 nm©o^ C;s> K Cootii^ 1 £ <fct>*lji 3 (DfrWL 

iit/hxi 41,14 3 (DMJ5iz£ $ fr&tmmz ft z 1 1 & iz, ytmm& 

15 1, 1 5 3tc£ ^M^iiifi^tlSo — ^ L^> Kfc-^T&lgl&cfc 
15 ^^cD^iWffi-ft^^;* 1 4 1,14 2©^#tcJ; D#ifc#Mff£ft3i: J:fc 
CftJMUl 5 2,1 5 4{Zct bftm^&MmgftZo ^<D1&^ GV^>K;fc<fc 
IfLn > h* cd^R^ £^ trfA -^S?^ £ & V > T £ 3fc^ 

£#ffcMff ^rA4 0 Ofci, 4*^lc:ffl^£©£#jiT-&&o 
20 ±I3L£S?I 1 ^S^^^Jt^^^MW^X^A 1 0 0-3 0 0 

77= 1 0 0 X(S dcf/ D dck)/ ( S smf/ D smf) 
25 &&5£T^«£*LSo Dsmf &^>^;i/^E— b*7t7 T-fM 1 ©Fjf^^ft^ijij-^ 

#lfcfitT-& !K Ssmf tt^^l/^E— h*)t7 7-{A- KDPfrfe$imz#tf2>frWtX 
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5 icga^tto 

^U^TfeoTx «tSl. 3 jumble S*#ffc$gg* ©Sffll^S 0 CI© 
^>^;i/^E— K^T^Mlfct. Ml. 5 5 ^mfc&^T, ^ttf 1 8 . 8p 
10 s/nm/kml:$)^ ^^0-7**50. 0 5 7ps/nm 2 /kmT*$2>o 0 

& 1 ©^tStfift^W X 1 4 1 fcJU EI 5 A, 5Bt:^^tLfc©^fa»5 7 , D7 7'-f 

15 ;p%*-r*^t(c««^7^-fM*fflv^o 3©^i©^t5cM{t^w^ (#tH« 

«3fc:7y>fM) 1 4 lt± v =3 7^3 1CS2 a *s 3. 9 3^mT*^^ ^1^7^ 
K3.2®n§2btf6. 7 8,amT-39?K ^2^7-yF3 3 (d^TT 3 :n 7* 3 1© 
itS#r*;gA + # 1 . 4 %T-fe ^ ^ 2 ^ 7 ^ H 3 tMt 5f 1 ^ 7 >y h* 3 2 
©JtJS#r^HA-#-0. 6%T&£<> LTn ^ 1 OMiir/H ^ 1 4 1 
20 fcfc. 8(51. 5 5 /zmdifc^Ts #ffc#-7 3 . 9 8ps/nm/kmTfet), 
— 71fi- 0.2 0 9 ps/nm 2 /km^5o EI6 Bfciu $g 1 ©#iitM 
It;W7 (OTI)t7 7>f^) 1 4 1 O^fC^^fN LT ^ 5o ^ 6 B 

t-Y^) 1 4 l©^f5c{i^T-feoT^{g^t #$c*n — rfcUr 

25 $) o 
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mi 3 1 .13 J; D C/n*> K£LM> KiiC^LT. b'lz-o^&fg 2 ©#ifc 

^2cD^-i!(Mf»^W ^ 1 4 2^, 0 7 A, 7Bt«nfcW$7'D7?'f 

is? Y%7tJ n) 1 4 2&. 374 l©g 2 a #3. 3 1/imTfctU 1 ^ 
5y M2 CD*M1 2 b # 1 8 . 4 0 /zmT'fe ^2^7>y K4 3 fcfcf-r 3 3 7* 

4 KDitm^mmA ,*« 1 . 1 0%-t-fcb. ^2^7s/K4 3 i ^ 

K4 2(£>ifcJS#r*MA 2 #0 . 14%t$5o^bts i2©^lttf/H 
* 1 4 2 <D*$HR«St± 1 5 7 3nm^^Ts »51. 5 5 ^mfc:fctvr#ttfc 
XD-r^O. 12ps/nm 2 /km-efea, 

M^7 7-fn-) 1 4 1 fc#±ffi©]fcTJ8tt3ft;fc3te:7:r>f Ml kml3*tu 
S£#5 6. 8m©Sd^fc&££5fcS6 2©#««tt^;W-;* »>7h*7 
t-TaO 1 4 2 ZMM-tZo 
0 6Dii, L;\*> KlzotNTlg2©#lfcTOerVW;* (»7>*7 7-fK) 

&:fc\ COl^JiZ^^ts m 1 ©^ifcMffT^V * 1 4 1 CD&ft 1 . 5 5ju 
miz&ttZfrmxu — 7'1&mmvtel0 0%X'&t), 5 5Amfc^t 

#{&XD — r#l 0 0%M«£*lT^£o 
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til. 5 5#mC:fc^Tx #ft#l 8. 8ps/ 
nm/kmt$ tK 0 5 7 p s/nm 2 /kmt*fe5o 08 A 

#ilC X D — r * lET* & 3 o 

miofrmmmr^jx 1 4 1^ hsa, sBt^^feja^rn?^ 

7 7-f^) 14111 373 l(Dg2ai)53. 3 0/imT'$>t3s ili'^-n'S 
2©^g2 b#8 . f2^5y K3 3 3 1 ©Jt® 

lf*IA + *'l. 7 0%-£&*K ^277^ h'3 3^311^7^ K3 2© 
ttIJf$iA-#-0. 3 6%-efe5o il0MIIr/H7l4 1lt 
1.55 /zmt;fcl>T. frWLft- 68. 1 7 p s /nm/k mfS D x ?>ifc;*n 
— ^-0. 1 4 4ps/nm 2 /kmt?fe5ol8Bll micDttrnffiMrJU 
X (ftWrffimit? T ■< 14.1®^lt^bT^5. i8B(:^n§J: 

El 8 CfcJu d cd <fc -5 3& > ^i/^e— W77>f;u £fg l ©^ifcfiUf^w* 

(MW77yfM) 14 1h£. SSJfcbO. 7 8 6:0. 2 1 4fIlUc 
i20Mifr;^7>14 2(^ HI 5 A, 5 B *ifcJB$r*s:rn 7 
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7 7^fA') 14 211 373 1 2 a ifi 4 . 4 1 >u mT-& t) N il^^y K3 
2©^g2bAS9. 8 O/zmtfeOs fg 2 ^ y H 3 1 CD it© 

#r^MA + # 1 . 3 5%T& ^2^7-^F33 t^ttS^ 1*9*1*32© 
tb©*T^HA-^- 0. 5 0 So ^ 2 C^KHIr/H ^ 1 4 2 li, 

1.55 umlz&^X, #ifc#-3 9. 9p s / nm/kmt'fe !9 N #ifc*D — 
7**s-0. 2 0 9 ps/nm 2 /kmt*^5o 

WMmifJTjn) 14 1 £#±g3©J:tT^il&£ftfc^7T^m km^ftU 
S£#12. 6m©SU^^^SJ:a«3B2©^ilcMff7 : /W^ {ftWM\%%7 7 
4^) 14 2^itt5 0 @8Dii s LM> h^::o^TSI2©#ifcM{M^-Y;* 
(^Mf«^7T-Y^') 1 4 2^J;blEi3^i$cMftb^i:^©^ilc#t4^5S^T" 

^©JIWJT'fcts i§ 1 X 1 4 1 CD&S 1 . 5 5 umlz 

M2©^WJ^^A^^t!cM«^^7 1 A 2 0 0©s^j^^^- o 

ira^U^TrifcoT, iSl. 3/zin#je{Z^^S$WrS*)<D^fflV^So 
>^;i/^— Y%7 7 4n 1 fcj\ ill. 5 5//mfc:fe^T. ?>ifc#18. 8ps 
/nm/km-efe »K #Uc*D — 0 5 7 p s/nm 2 /kmt^§, 09 

A«U i/l'7)V^—Yit7Tj^l<DttWL¥$ l &%:fji\sX^Z>o HI 9 A {3^^ tVS 

IlO^illr/WXHlIt El 5 A, 5 Bi:^tifcM$7*D7 7^ 
7 7^^) 141ft ziT3 1<D&2 a#3 . 16 ,t/m-£&*K 11^7>;h*3 
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2 (Dftm 2 b & 1 0 . 2 0 umX'$> tK i2^7y K3 3 & n 731 ©J± 

SlrfiA^l. 7 0%TfetK I2^7>>F33Wail^7^h*32 
CDi£@#T¥MA-#- 0. 3 6%^a c 1 ©#«C*i{g^/W x 1 4 1 

Sfil. 5 5 //mid 43 #ifc#-7 4. 2ps/nm/kmtfeDs # 
«^d — r*s-0. 3 1 6ps/nm 2 /km^5. 0 £ 1 (DftWmm 

tt'HT* (^1^7 7^^) 1 4 1 ©#^#t££^LTl^3o |9BC^ 

So 

Xfttimm%7 7'(sV 1 4 1 AtOtO. 7 9 8:0. 2 0 2t«tfc 

tiilxifeK 1 3 1 Jc:«fc t> CM> Hi:LA*> Ktt^iUT, 

L^>M;:o^y:Sg2©#J&^^W* (^t^h^y-f^) 14 213J: 

>7h)fe77^N') 1 4 3 JdiDM^iStffHairSo 

fg2©#tmf»^W;* 1 4 2*5 c t^3©^il(Mf«7 : /W^ 1 4 3^tl^tl 
i±„ 07 A, 7 BiZmgftfzm$Tm7°V7 Jl/%:m-t2>frWcZ>'7 Y%7?j M 

741®g2atf3. 2 8/fm7fife»)x il^7«>M2©^g2btfl8. 2 
/zmT-fcSs £2*^y K4 3i:^t^374 1 ©J3bJB*fs(sMA ^ 1 . 10% 
X&tK ^277^ K4 3(C^t5il^7^ H4 2 ©ibJE^T^HA 2 # 0 . 1 
4%Xfe&<> ^ LTn I20^tMr/W7l4 2li, f^MStfl5 68 
nmtfe^ 5^11. 5 5 Aim(zi5V>T7>iC^D— r*s0 . 12ps/nm 2 /k 
mt'fcSo ^LT. -> > ^7 7 /U 1 ffl^tiff/H 7 (t> 
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5 a#3. M 2©^§2b^l 7. 6//m-£&rK 

fg2*^y h'4 3t^fr^.=i7 ? 4 lCDJtJB^IIA i^l . 1 Si! 2 ^ 

h*4 3£*fT3l£ l^^y F4 2 <DitB#r^M A 2 # 0 . 14%tife5, f 
Its i3©^liIr/W7 14 3lt «#Sc$fcg#l 5 4 5 nmT*fc»K «E 
SI. 5 5//ml;::fc^-C#fifc^n — :r#0. 12ps/nm 2 /kmt-fe5o 

io Ts i/>m-^77^/n tmKDfrWtnm^^j * ^k»7 7^ 
3©^aifiT;w^ (*r>7h3t77^;o i4 3«n« 

15 i3©^WiT/WX (#ifc^:7 h7fe77-fA) 1 4 3fc«fct)HC#tM*« b 

36:43. 3©^#:^JT*tts 0 1 ©#tt««5^W ^141 1 . 5 5 AmC 

43W*^tS[^P — 7Httfta(K77«:1.3 5 %T*& ^ Jg 1 43ct^ 3 (D&WMMKT/i 
20 -Y* (»tfe*i«^7 7'>r/'?) 141, 14 3tiotSftl. 55/zm£:fe^T 

lP5/'J*-Cfcot> Ml. 3/imttaEfc^#tm«£WT&fc©&flH^o v 
25 >m-W77^Allt III. 5 5#mfc::i3UT\ #f!C# 1 8 . 8ps 

/nm/kmt$)Dv^t7>D- :7"# 0 . 0 5 7 p s/nm 2 /kmT'*5olt 
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8 p s/nm/kmT'$ Ds frWi* o — 0 . 0 5 7 ps/nm 2 /kmtfe^ 
Ell 0A«1 ^>^";i^— K)t7 7^A' 1 CD#iS(^t££^LT^£o HOAi; 

I10^iir/NV^3 4 1&. 12 5 A, 5Bt^tl«*7'D77'f 

7t-[ 3 4 111 nT3 1©?£2 a#4. 6 0//mT*fcD. H1^7y K3 
2©M2 b#7. 0 9/zm-e&tK fg 2 ^ y K3 3 £*f-T 3 =f ;p 3 1 CDJtS 
10 Jf*iA + tfl. 4%T*fctK fg2*^y K 3 3iZ^f-TS^l * y K3 2 ©J± 

jaif*iA-i) s -o. 7ra^o fg i <Dft-mmm^'i< x 3 4 1 

SIl. 5 5 //mic;fc^Tx 5 3 . 2 0 p s/nm/km^ t>> 

XD-7-*s-0. 1 6 2 p s/nm2/km^5o HI 1 OBil Sg l©#ifc*$ff 
^/W* (#ifcM{t#:7W 3 4 1©MM^LT^So ilOBC^ 

15 ^tisiot, t^s^tijut, ig i <D^m.mm^^^ x <^Mf«^^ 

3 4 lCD^i!t{i^T*feoT^fiS^# <. £fc> ^iJC^D-r^^T 

t;£Sg2©#t™t5=/W* 3 4 211 EI 5 A, 5B^^nfcSJT$7P7 
7^;^tt5MiM7 7^/^ffii^. M§2©#lfcMif7=/WX C^HftM 

20 (t^^T'-l'/N*) 3 4 2il 373 1 CDS 2 a#4. 7 5 /zmT'$> t) ^ mi#5v 
h* 3 2cd^S2 b#7 . 20/zmt$^ ^275y h*3 3 W§n73 1© 
i£JS$r^A + #l . 4%T-&?K ^2^-7^/ h'3 3 IzMT&fg \tr^v K 3 2 
©itS#f*MA-^-0. 7%T&£o ^UT. i2 0^KlIr;H73 4 2 
II tfil. 5 8//m£;fe^Tx #ifc#-4 4. 44ps/nm/kmti&!3> 

25 #Uc;*d— :7°#-0. 12 2ps/nm 2 /kmt^5 o il0C^i2©^|( 

mm^^^x Mnt^7 7-i'A) 3 4 2©#imt4£^bT^£o laioc 
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HI 1 ODSs co^^^fyv^^— ^77^/U £fi§ ^^iStfiffi^/W 
X (^t5cffifM^7T^7^) 3 4ii:^S^Jtl : 0. 3 '5 -Cg&KLfc©-^^ 
£ft£>©:£te©#ifc^t££il^^T^£o ££s ^OEIlQDiis 

-i M) 3 4 2 ££:K£Jt 1 : 0. 4 6tiitfc^tj5^t, d *i ©£#:© 

^^fi^fifesiT-^LTv^So mi 0Dfrt>m&£oi^ c^>Ht:^tiii 

^©J|#:0!lT-fciU £g 1 ©^f&Mfg^W X 3 4 1 ©*£5 1 . 5 5^mic 
:fctt3#ltxn— 7?|± 1 0 0%X& Dx 5 5 /zmJd&^T^it 

i ui. m i ©^iie^ji& ill tzistt btitzm i (Dftwrnm^n-i x 1 4 1 © 

L^*>K (flHi^t) 0 0, 2 0 0(Dfrm. 

mmt(Dmm&7jk-??^-7X'&2> 0 mi ltzmznz&oiz^ &WLm&&±o. 

5ps/nm/kmWTtt§fefcl:lis MS 1 ©^fKWfflt^/W X 1 4 1 ©#ifc 
xn-:7*4i{t^£6 0~ 1 5 O%£-r&i0^#&^ ^^{c^Sc<BM*±0. 2 
p s/nm/kmWTCC-r^fe^^ii, ^fCX D — 8 5~ 1 3 0%t 
t^^Ii^So^ ^ifcfiil/b^ 0 . 5 p s/nm/kmWTtO-5^fflt 
'&7&T&&51Z1 0 Gb i t/scDif§2.0 0 0 km£i£-r £fc#>£ifrg&& 
©T"&£ 0 
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{jt^w* i 4 i i . 5 5 um iz&ttzfrmxt3-rffimmv<D]&M&m 

& 6 0-15 0%, il3lSb<li8 5- 1 3 0 %T"& % Z t&ft&Ltzo ftWi 

m^Ts^K 5 0 0 tt, A;« 5 0 0 a tz&M 5 0 0 b t:OF^©^fE^SS 5 1 0 
±t3 N ^-icMff^/WX 5 3 1, #$£#§5 4 2, ^IfcMMx^V* 5 3 2. 
10 ff 5 4 3, frmmm^J^t X 5 3 3;£cfcl>*^£iff5 5 0 £JlIC$i;t3o ^ifcMM 

7=am^5.3 1-53 z ^ft*iri\±,frwmmyty ? 4 ^&?>©#$f3STfct>s 

3i£2§5 4 2&, ^ifcliil^w * 5 3 1 fr<b ^tj^ntzMm^ mXU, <W 
f$S^11 4 9 0nm~1 6 2 0nm) £#&U Lfc— #©fg 1 © 

15 SSft^ (tfOxti. S;\*> K 1 4 9 0 nm~ 1 5 2 0 nm) (DftM^ 

$8522 ^mt) u m, t) (D&m^mcDytm^zfrmmm^s^ x 5 3 2 ^m*-r 

So #$t#£5 4 3 li v ^-iScMff^W^ 5 3 2fr?>m^£*Lfc7te{S-^£#$tU 
^©^bfe-^©^ 2 ©SfcgSBttS C>1> F 1 5 2 0 nm~ 15 6 5 

nm) co?tm^*fri&fcm&5 2 3^m^b, m*)(Dmz<DWim$n (m±&, 

20 LM> M 5 6 5 nm~ 1 6 2 0 nm) (D%m^^:^WiMB. X 5 3 3-\tU 
±J-T^o £rM5 5 5 Oldu #&£|5 4 2 tz J: t) ft#ii£fc3IS& 5 2 2 

t§il©il§a©)felfs fr$Lm5 4 3££»3^£tl#Ii£fci£{&5 2 3£ 

^i-^m2©^ft^©^fg^ &cki^ ^iciia^w^ 5 3 3^?>m*^ 

25 5 0 0 bfr^iJtfSMS'T^A 5 0 0 ©^gP^£ti±J$ tl5 0 

CI^iitMff 5 0 0T-«sA;»5 0 0 a £ Istzftm^CDo 
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0 0 b Affiij^tlSI 1 0HMO)tI^ll #lfcM{Jt^WX5 3 1 (D 

•fcu^sssBs 5 o^^xmij^s o o h^&tig nzm 2 <Dfom.mm<D?tm^l±s 

JX 5 3 3ip?,^ti^5 5 0^TW5 0 0 b^m±f£*l&til 3© 
»fif«©3l6jgflis' ^«ff^/W^5 3 1-5 3 3t,fcD^i(Ii$ns. 

^HJS^Ki^S^Mfll^^^A 5 0 O©2o©^#i$fcS!rf£0Bfc:^ 
TMil-So 01 3A~1 3Dii, ^5 0»{:i§^|(Ii^^TA5 0 0 

«*t«'^W^5 3 lfciu ^l~^3©^S^$^tf^ft^^^OTiS^ 

£?&«£:^T«:B#tfctffi^2feSo ftmrnm^su * 533^ i3 0$s§ 

^fc^T&g^tffi-e&So Xtjift 5 0 0 afr£ Xlj£tl2>ytm-%l±-> mi 
15 3 Afc^t-ck5fcm~£g3©&M?«i~m %^tf«S^tSt:j3VNTx 

c©I10IWJfii, 40S©#«rafiB^W-;*5 3 l^^m^j^ti^iS^5 
4 2CXMSM^ (Ell 2*<DA&lZ&V%>ytm^) it, ^1~^3CDMS 

20 l(3<fc!5^a^iScS* s f£M^n?>o Ell 3BtZ7jK-r£5tzmi<D$LM 

^©^ffcfcfft^W* 5 3 2fr£>£B:fr£*l£i£§§5 4 3 £ A^T &ftfi^- 

25. (Eli 2*<DB&iz&tf2>y£m^) * 2*«tt«B 3 ©««««n,-.ni ' 

«ft*«C*v^Tx.«S^«C* s S'e»a^tS:*«7 s /W^5 3 2 tz: cfc t) 

27 



DOCID: <WO 0106682A1J_> 



WO 01/06682 PCT/JPOO/04847 

^ 5 3 3^XJj£tl% 0 

5 mmz&frwum m^^-i x 5 3 3fr%ih±i$ti<&%iffi5 5 ofcA^-rs^s-^ 

(mi 2rp(DC&tZ&H2>?tm-%) {is f3(D$5wi HI IZ&^T, ^ft^ifc 
#MT-&3#i™«:r/W7;5 3 3(3cfct)m«^tlcM^(3®M^n^>o 

EJ 1 3 D fc^-T £ o izm 3 (DSftg?^ HI CD^M-^(im^^m«*s^{Z/jN 
£ <&3o ^tT, ^$P5 5 Oct DM5 0 0 K^m±)£ti2>?6m^l±, fg 

10 1 ~~m3<D$im^m i~m ^ts^M^m^^xmm^m^mz^ i^*> 
5 3iii, mi-m3(DMmm^t5W.M^miz^^x^M^m.^x^w:^ 

15 v-7&mzikX$>2>o ^iK^i«^W^ 5 3 2fc*. m2&£vm3%i^m* 

xjjffis 0 0 &frt>\±>-t%?tm^i±. m 1 4Ac^tj;9^i~f 3 

©M^I~III ^fr^ft^JcioMT, J^#ifc*#;E^fc^«#$c*© 
20 ZD- 7"4)iE-e$>-So 

z\(Dm 2 <dm foMT-&. *m<DfrmffiM7^'i * 5 3 i^^m^^n^§i5 

S^Mf^W* 5 3 1 ££oTJSI«#ifc«#®M£n€>o -©h^s HI 14 
25 B fciaVr <fc a Icjg 1 I ©^S-§•{i:ma^i!cS* s 3 : 5^^3/J^^V^CDT\ # 

KCT5 2 2^^^o LfrU H2 %>£Vm3(D%immMll, III O KM 
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+l£©#ifc*fi«7VWX 5 3 2fr£m;b£*i^3P5 4 3tA*t§^i^ 
5 WlZ&^T, ^S^iC^cfctF^ilC^D-r^tZlET-fe-S^fcMfS^W^ 5 3 

2 c £ vmmfrWtm&mizmmztiZo zwt^s mi 4 cizm-rxoizm2<D 

£*i3o L#>U ^3©^S^iii ©^M-^ii^l^«7^^^bTA^fp] 
tc*t^#>. ^Ilr/W^ 5 3 3-vA#£*l§o 
10 g^©^15c^f»^W x 5 3 3^e>m;ft£ft£rM5 5 5 0 lzX±>T Zftim^ 

iEJciSM^n^o ^©^ s m 1 4D{:^tJ;at^3©ISM III 
tt*»d**30«^C/J^<*:*o ^Lt, ^"M5 5 0 £ t>m^25a5 0 0 

15 mtitsti2>ytM^&. mi~m3<D&M&mi~m&^tsfe&&mtz&^Tmm 
20 3©n^i ^tf js v ^ «es# mot mm^wn^i&m-r & z t &-c # s 0 

<ti/^^A6 0 0fci\ A^J*B6 0 0 a tiffin 6 0 0 b ^GDP^CD^E^Igg 6 1 0 

±iz, M§6 4 k Ammm^'u x e 3 1, #?g^6 4 2, ftmMmmj 

25 * 6 3 2 j3cfcUF^iftS6 5 0 %miZffi?LZ> 0 ^«»6 4 1 , 6 4 2**1^*1^ 
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1490nm~1620 nm)etU ^©SS 1 ©»fi^t* (00 

S/S> h*l 4 9 0 nm~ 1 5 2 0 nm) ©3teM^&^tt^SS6 2 l^ffi 

*u aooasfi^o^OTs^fRaMt^^-f ^6 3 l^m^r^o a>«»6 

5 4 2&. #tt««5VW;* 6 3 l^^m^^tife^il-^^^MU ^©£i£L£ 
-^Oi2^I^ (09;t«> h* 1 5 2 0 nm~ 1 5 6 5 nm) ©ftfg 

•^£#«H£2Si&6 2 2-MB7jU ^D©^3©MM (0iJx.{i\ L/t> K 1 5 
6 5 nm~ 1 6 2 0 nm) 0*I^^S(iir/W^6 3 2^\{ilM§o 
SB 6 5 Ofciu ^?6SI6 4 1 frt>HAJj$tl<fr®LfcmB&6 2 1 £fci&-r<5lg 1 ©M 

io ?h$bcd^^ 6 4 2frt>m±i£ tift&.'mmm 622 &te»-r a m 2 ©& 

*|{Jh>;*irA 6 0 0<Dt\.^mj)iSft2> o 

15 flt^W ^ 6 3 2 tt 3 «?t-*a V-^ 6 3 2 A*i Vf - b' 7 7 >f 

U— 7^4 3 2 B&ffiz_Tmf&£tlZ> 0 — ^ 6 3 2Att, 

#•$[§§6 4 2^e»A^7#tLfc3tM-^*^--V — 7* h*77^n^l/- 7^ >^6 3 2 
B-*£fc;b-r&i;i:&lc. ft-7K77^;^l/-r^ >^6 3 2 BfrS>A7jL 
fc^S»6 5 O^mTJ-T^o f+-7F7?>fA^l/-r^ >7632 

20 B«s ^77^A-©^itf«tJSIfM«^tlfe77^;^U-TO 

33^^-b-— ^ra b — * 6 3 2 t-rh^r^^lz-f -f 

>^6 3 2 B*MAT#J*£;ilS#tfc««^W;* 6 3 2^^ £«g6 4 2 
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LfctfoTx i©^*ffil8^rA6 0 0m A±f£$ 6 0 0 a IZXii LfzJt 
m^(Doh. ^$S6 4 1 <fc*)#il£fcj£S&6 2 1*«J:V^«»6 5 0£^TtB;b 
«6 0 0 b-v£B;b£*i3Sg l©8S^©#/f^i±x#ifcMff £ fc#fcv^ 
#8*6 4 2 «fct>#«i£3l8&6 2 2*cfclF£*»6 5 0^^Tf±}±?^6 0 0 b^ 

m**n*»2©«[fi?Br*©3tefli-^i±x ^ffcam^w ^ 6 3 i©»cj:?)#ft 

•«I?*l5o #«»tft^W^ 6 3 2 cfc t) -^"^SP 6 5 0$ITW6 0 

0 b^a*$n5i30»^«©^tts #mffi«^w^6 3 1*^6 

3 2tJ:t3#«cM«$tLSo 

1 (08fi«*O3fc«-^H:#tS[»«*ix4 Ci:*< m*iif*i2>a #ifcMff StS^ 
g £ is 2 *> £ H 3 ii **UD##-^i£s £r ^ #iH a #ifc*i{»^ 

ZL<DfrWmm*sX7- A 6 0 011, B 1 3 ©8S>^£^*?l£^8jl^C H 

fjh>*^A7 0 Ofci, Xzb%67 0 0 attliM7 0 0 b fcCDH©£e$£g& 7 1 0 
±ic, #8*7 4 1. #«««7VW * 7 3 K #8*7 4 2, #ifc4«^W 
*7 3 2, #8*7 4 3, #«tt{t^W'*7 3 3 :fc <fc 0^*gH* 7 6 0 £JE£ 
ffiz.Z>o £tz, Z\<DmiZ&, ^f§*7 9 I, §fg*7 9 2:feJ;I>*ADM(Add-Drop 
Multiplexer) 7 9 3 &^£*lT^£o ^itfiUK^M-f ^ 7 3 1-7 3 3^*1^*1 
fcJU &mffim?t7T'(s i i-C&2><Ditfi1&&X'&*). #8*7 4 1-7 4 3^*L^*l 

^7 4 1 liA^7 0 0 a^^A^ (PHAHn ^8*^1 

4 5 0nm~l 6 2 Onm) £#8U f©Mbfc-^OilO?SI^ 

S+^> M 4 5 0 nm~ 1 4 9 0 nm) cD3t{g-*f £#ii£fcj£S§7 21$ 



31 



WO 01/06682 



PCT/JP00/04847 



1— ttj^-r^o #»s7 4 2y\ ^mm^-w;* 7 3 i^e>m^^n^^g-^ 

^©#$Ebfc — ^©!2CDtSM (fiWJ^i^ S^>h' 1 4 9 0nm 
~ 1 5 2 0 nm) ©ftM-5f£#ll£fe£|g&7 2 2 %^TtB^7 0 0 d'sffi^U 

5 ^(D^w^momm^^wmm^n^Tsi 3 2^t^ 0 M^7 4 3&, 
frmffiMr^j * 7 3 2fre>ffi^£*i£^g-5§£#?&u ^©^bfe-^com 

3©^g^ (0iJx(^ CM> K 1 5 2 0 nm~ 1 5 6 5 nm) 
15321887 2 3^^TtB^7^7 0 0 e^ffi±fU ^0®^4©il^i (0«;tfcfs 
L/^> M 5 6 5 nm~ 1 6 2 0 nm) ©^OT^gCfctflt^W * 7 3 3-\ffi 
10 ±JlT3o ftigi|IS7 6 Ofciu ftWm^njT,! 3 3 5. tti;*j£;ft,£ft{g-sf £*§ 
«U *i*SL*:^M-^&m*Sftl7 0 O'b^MJ^-TSo 

C©^ifci#ff f>X^A 7 0 0T*iisA^7 0 0 a*>£> A2f 
ftWL^rf 4 1 ££^T#»£ft#ll£eaiI&7 2 1 0 0 c^\&h% 

15 *x&;r h&<^t^7 9 1 tcfcoT^f $ti?>o 3i&S£7 4 2 fcl:feivr#i&£*i, 
#H£fei£S8 7 2 2 £*IT 7 0 0 d £ *x3 2 OWL&$Wk<D]tm^te, 

^ilClift^W^7 3 l©^(3ckoT^ilfM{«^n. ^g3§7 9 2\zX-oX^m 
ZnZo 3i£is7 4 3 (3*5V>T^^n^fE^7 2 3§ITM7 0 0 e 

^m^n^,^3©^^©^OT^ &m.nmzr'^*i 31, 7 3 2£cfc 

20 D#ifc*if«£*U ADM7 9 3£^LTffe©m^fe^£ft3o tB*^7 0 

0 b-xm^^tt5^4cD^5^CD^M-^(i:s #ifcffift 5 s / W x 7 3 1-7 3 3 

i<n&M.&M(Dftm^i*.frWLffimtfnzz£te<mt>3%7 o o c i&m^tu 

25 SMS 7 9 1 Dgfl^tiSo MlftttS^S^^SI 2 -I4 0$Sf 
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Kxmwtefr&ffim&tezns mtimr oob, 700 &&£U7 0 0 e©f5jn 

i^rA8 0 0fci\ H*5i^2©±tjl^SS8 11, 8 12. §1-14 
10 ©#(&kj£B&8 2 1-8 2 4, #&S&8 3 U ^»S8 3 2, J&6lFCJg 

4©#ftfc»«7 s /W:*8 4 l~844$MTOSo 3©^«r>7TA8 0 
0& N tgl©^iH£j£S88 1 1©— «gtzffl^-rSA*4S8 1 5£^LT^©^ 

/U^tSM^ A^7SB8 1 5fre>#tMt«$'*^A8 0 0fc:A;&$ft 
15 So 

#«»8 3 1 t± N il©«M8 1 1 fcjg l-~a£4©#«H5aU&8 2 1- 
8 2 4£(Dmtzm-}*>tlX^Z> 0 COM§8 3 Hi, ^ 1 ©£*H£5£I& 8 1 1 
*e»-r*®-f«[S^f«l 4 5 0nm~l 6 2 0 nm©)ti^S+^> K(l 
4 5 0 nm~ 1 4 9 0 nmX Sn> K ( 1 4 9 0 nm~ 1 5 2 0 nm). C^> 

20 K (1 5 2 0nm~ 1 5 6 5 nm) kL/t>F ( 1 5 6 5nm~l 6 2 Onm) 
tfcMtSo LTn #?£^8 3 liiS+/%-> KO^ifSilO^^SS 
8 2 1tffi*U Sa*> K©ft«£fg2©#tefej£&8 2 2 fcffi* U CM> 
K©ftM^&lf£3©#i8e$£8&8 2 3£ffi;fcrU L^*> K©3fcOT*IB4©^lS 
fcj§S&8 2 4(3tb^-r^o 

25 ^»S8 3 2tt % H2©*3i^gg8 1 2 2:96 1 ~fg 4 ©#fl££igS& 8 2 1 ~ 

8 2 4£<DmizWltfC>tiX^Zo 3©^8 3 2lt fg 1 ©#H£fe£tS§ 8 2 1 
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1S^SS8 2 4*eHK1-SL^t> FcD3feM^£^£U 1^ L£^{i^£3l 2 ©±± 
31fEii2lSS8 1 2(zta±r-T^ 0 &ife s £r«8 3 2 & tixm 2 (D KM. text 

8 16^tT«C{il*^tl5e 

::-cn fg i ©^ii^inis 8ii ±iz&m i cDfrmmm^^j * 8 4 1 a^w- 

CM> K*«fctFL^> K 13*; (tS^tS:©MfS^^{c {iff 5d£:#-£-£&^o - 
2k $g 2 ©#fl|£fcj£S& 8 2 2±{c(i^2©^i(i!i«T r /W^ 8 4 2 £> HX 

V^o L£#oT, 1 ®^«»«r ;W ^ 8 41 t «fc 

15 (t^n^o i 3 oMfi^ie 8 2 3 ±t 3 ©^»*»r ;w 7843 

■&%ftXt£is>-otzCny FC£ttS#«fcjtx fg3 tDAfmtor'U X 8 4 3 
oT^CffiHStStlSo ££>JC N ^4©^fefs^8 2 4±ttti4©^i[i« 
r/HX8 4 4CTj-f.*lt^5o lf:#oT, !£ 1 ©^itM^/^* 8 4 1 
20 fc<fc3#iM*{g#3fe#T-fc;^ofcL^> K Ic&ft fg 4 <D#iM'i«7 r ;^* 

^ x 8 4 4 £ <t oT^#£*g{t£nSo 

$?£L^ 0 c©i-5t:mMIx ISm^^— ^CDM'^\ ISiJiin* h<D{&M&mt>ti 
25 So 

31 1 CD#H£fc^S§ 8 2 1 ±13 tt3te'lS*SS 8 5 1, 8 5 5 #a£tt 6 tiT * tK S 

34 

SDOCID; <WO 01O6682A1_l_> 



WO 01/06682 



PCT/JP00/04847 



+^>F<Dytm^&mm-r&o ttz, is 2 ©#ii&te$£s& 8 2 2±izitytmmmB 
52, 8 5 6&m-ft>tix&>), sm> wxm^zmim-r&o &tzs ^ 3©^ 

H£fej£S§8 2 3±{z{i^i|@^8 5 3 , 8 5 7 ZtlXK C/\*> 

M^ig^f £o ^4©^K15^S§8 2 4±{3{i^iii|g^8 5 4, 8 5 

4©^k<e^s§8 2i~82 4&^ti^n(Dx±mmh\tit}mm<D>pte< 

l5lzWtttt> tlT Utl&fc b&o £ fcTfcitlg^ £l LTfis ^JX-fcT'Crosstalk Bandwidth 
in Backward Pumped Fiber Raman Amplifiers" ( IEEE PHOTONICS TECHNOLOGY 
LETTERS, NOVEMBER 1999, VOL.11, NO.ll, pp.1417-1419, Jun Shan Wey et al.) iZ 

zzx, *n»-ii37>7>^^M«^x^A 8 o oxi±, m^m^m 5 2 

0nm-1 6 2 0nm(C;^K L/\*> K) l^tt 5^tJt<S^± 0 . 5ps 
/nm/km^Ts $ftl<l±+0. 2ps/nm/kml-^ <fct)$?£L.<& 
±0. Ips/nm/kmWTs £ t3$? £ L < tt± 0 . 0 5ps/nm/km 
15 WTT-ifeSJ:l<, +0. 0 2 5 ps/nm/kmWTT-$)l>i:ifefftl^o 

<ta& 0 1 0 Gb i t/sCDm^mm.X\±mm&WtH£ 1 0 0 0 p s/nmttTt 
fc^C^^ii^tu ifl^2 0Gbit/ss 4 0 Gb i t/s i:±# 
IMIi ; etL^tL2 5 0 p s/nmWT> 6 3 p s/nmWTT 

^lill 1 0 Gb i t/s©3teM-^*fflv>T*¥#«l»rfc^S'&l 0 0 0 0k 
m©E§*fC©e^|*#Afc»^x It^t* 5 1 0 0 0 p s/nmttfC$.5 3J: 
#£^T&3£#>,#l£fcfci:0. 1 ps/nm/kmWTt^SCh^It-fe^o 

25 mmiz, ±mmmm*%m.{stz5 o o o km©gg«-c©fe]@i*#ifc«^ # 

ifc&0. 2ps/nm/kmttTT'fc5CtMItfe5o ^?>(Cs 2 0 0 0k 
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2 0 Gb i t / s(D^tm^^m^X 1 0 0 0 0 kmCDfig«t-e©e^l*% 

5 &0. 0 2 5ps/nm/kmWra5ut«^^ 5 0 0 0km©Sg 
m"Z(D&m&%Z.i±ia^ frWt&O. 0 5 p s/nm/kmttTTfeS ^ 

& o 

<fcoT. m^$iM3wi&l 5 2 0 nm~ 1 6 2 0 nm (C^"> h\ L;n*> K) lz 
3£ttZ>frWLfeg.&± 0. 5 p s/nm/km«Tt$)till 1 0 Gb i t/s(D 
10 JteMf£/S^T 2 0 0 0 km©ffi«tT©fc&#qrtgfc&5o £tz. #ifciiiM#± 
0. 2ps/nm/kmWTtfetL^ 1 0 G b i t / s <D%m #£/8^T 5 0 

0 0 kmmmT-<Dfcm&nJW£hte2> 0 mtc, #MI!!#±0. lps/nm/ 
kmWTT***ill 1 0 Gb i t /s (D^M^^m^X 1 0 0 0 0'km©K«lt? 
©fe^qrtfeii&So #ifc{fiig#± 0 . 0 5 p s/nm/kmWTt$*i 

15 2 0 Gb i t/s(Dftm^&m^X 5 0 0 0 km©gg^T-©fcM# WIE^ 

So ££>i3 N #ifciif|g#± 0 . 0 2 5 ps/nm/kmJ-)iTTl)^ 2 0Gb 

1 t/s<Ditm^*m^X 1 0 0 0 0 km©Sg^T©fc£i#qIfg^&£o 

tem^m<®$k*<Dw$<.&'m£-ox&t), ^n&M&T&tz&izfcmmm. 

20 W Ml 5 2 0nm- 1 5 6 5 nmK LM> K ( 1 5 6 5 nm~ 16 2 

0 nm) Izfinz-X, SA'>h* (1 4 9 0nm~l 5 2 Onm) ^^VS+zo F 
( 1 4 5 0 nm- 1 4 9 0 nm) #&g£*iT^£ 0 Zfz&lz 

otoT^ &mmmizfrfr2>frmffimi'Xy L 2±8 o otit c^> k^oWlvn- 

25 > N:Sn> KSira^-fes if M^fi 1 4 9 0 nm~ 1 6 2 0 nmCiJlt 5^ 
8dBM#±0. 5ps/nm/kmttT> 2ps/nm/km 
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<fc»5$?i;b<fc*±0. lps/nm/km^TT'fe^ilK, ±0. 05 
ps/nm/kmWK-feSfcl^JU^. 1 4 9 0 nm~ 1 6 

2 0nm (SM>h\ Cn> h\ La*> fc*W"4^»fi2l*«± 0 . 5ps/ 
nm/kmlMTT-£>fti£. 1 0 Gb i t / s ©Stefg-^&ffl^T 2 0 0 0 km©g§ 
5 $S&-CCDfci£&-aimtteZ>o Ztzs #tMHM#±0. 2ps/nm/kmWra 
tifcfs 1 0 Gb i tXs©^ft#^ffl^T 5 0 0 0 km©g§^T-©feM#Rlf&^ 
#ifc{BM#±0. lps/nm/kmJ^TTfelKt 10Gbit 

/ s(Djtm^*m^x iooo okmoggatT-oe^RrtEiu&So sfcx 

iH*s± 0 . - 0 5 p s/nm/kmWT-C$>till 2 0Gbit/s©)fcif§ 
10 ffi^T 5 0 0 0 km©8E*re©tej&#ftftEi:&£o 

*mmm^i*fr*ft&mms/x : 7 L 2± 8 o or-y^ cm> k n k 

i3«fcrJ t S^> KtS+n> K^SQ^fcs IfSSfl 1 4 5 0 nm~ 1 6 2 On 
mlz£>ttZfrffl.imM1P± 0. 5 p s/nm/knUiT. £?£L<fci± 0. 2ps 
. /nm/kmfcrF-£&£i:Ji.^o 4 5 0 nm~l 6 2 Onm (S 

15 +M>h\ SM>h\ C^>h\ L^->h*) £:}3tt3#MiM#± 0 . 5ps/ 
nm/kmJMT-?rfc*U^ 1 0 Gb i t / s (D^M^^m^X 2 0 0 0km©{2g 
gft-e©^*sqTt^i:3&So ^fes #ifc{ii£#±0. 2ps/nm/kmttra 
tiK. 1 0 Gb i t/s(Ditm^m^X 5 0 0 0 km©£ggtT'©lSj£#WiE£: 

1 4 5 0 nm~ 1 6 2 0 nm©5*>x S+M> KC-oot&H 1 <2>#ftf8tt^ 
^84 lfc«fc!3#ifc#M«£fta£:£<fet:x #ig*SS§8 5 1,8 5 5fc«fct)ft 
M-^itttHStlS*' S;\*> K{30^Tii^l^J;^2<D^ilCli«^7W 

X8 4 1, 8 4 2<DMJJlZ&bfrWl&ffim£tlZ>££t>fc?tmmm8 5 2 , 8 5 
25 6fc£r>#M^#tiiii£;fc,3o CM> Kto^Tiim 1 3 
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8 5 3, 8 5 7 lz£ *)%M^ifimm$tiZo L;\*> K fcowtfci:^ 1 & 

ilfi4 0^|[i«r/H^8 4 1, 8 4 40Mti !) £ft3£:i: 
&£#ig«S8 5 4, 8 5 8lz& D ^H-^fgti^tlSo ^©^JH, S+^*> b\ 

z\ <z>m 8 (DmMmizm&frmumis 7.^2*8 o o&, 4»*fl^fc^s©fc:*yjST- 
us 8 (DmMmzfrfrzfrwcMm^xTA 8 o o ©m^j^-To 

10 ^'JTOot, SMI. 3^mf*je£^#»«^£W"r3fc©*JBV^o CI© 

til. 5 5jumlz&^T, #ifc#2 0. 4p 
s/nm/km-e^^ ttWLXn—y°&0 . 0 5 9 ps/nm 2 /km-?fe^o 
^I©^ltllr/H78 4 1lt Ell 8 A, 1 8 B tZ^tlfcJS^^D 7 

15 3rtf«#:7 7>fr0 8 4 □731©i2a#4. 2//mffe^ il^7 

y K 3 2 2 b & 7 . 3 //mffe ?K ^2^7«n*33 ©*U1 2c#22/z 

mt$)§ 0 i3^7^|*3 4C^tl,D7 3 1©l:tiJr$IIA + iil. 4%T& 
t>N fg3 ^ v K 3 4 C*ftSi 1 ^ * K 3 2 ©JtJM^M A"&- 0 . 7% 
T-&?K i3^7^K3 4^t5l2^7«)/ K3 3 ©J±JS#t^MA 3 & 0 . 0 

20 9%T-&3o ^IT^ 1 ©#fM««5 5 ^>r * 8 4 1 fcj\ iSS 1 . 5 5^mt* 
V^Ts 6 4. 4 p s/nm/kmT'fetK #ifc*D — :T#-0. 207 

ps/nm 2 /kml?$5. 

m 2 ©#tHittt5V Vf ^ 8 4 2 ii, f^MA J 1 5 0 2nm-eifeoT N Mfi 
1. 5 5/zmi:::Jb^T#Sfc;*P — 7*#0. 1 2 p s/nm 2 /kmt^^l!'>7 

25 h^T^f M£ffl^3o 

fft3©#ifcfc|{»^W;*8 4 3& N f^iII*515 18nmT-feo-C, 
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1. 5 5^mfcj5lM:^D-7i)S0. 1 2ps/nm 2 /kmt^5»7 

1. 5 5 /zmlz&^T^iSc^D — :7°#0. 1 2 p s/nm 2 /kmT*l)S^>7 
5 h)fc77Y^ffl^§o 

Ell 9fcfc, i®<ta:fe^>m-h*)fe77^/n i:^l-^4©«"®[1ij»7 r 
(^tMSflMfi^r-f 84 l~844h^ *>>£OWE- Y ft?? 4)1 
1©I^^37. 6km, miCDfrmffimzr)^ X8 4 1©J1££1 2. 4 km, 
m2(DttWLmn7)*4X8 4 2©S££3. 5km, i3©^iffl}ff/H^8 
10 4 3©;S££8. 8 km, iS4 ©#IMf tflt^W * 8 4 4©5££ 1 1 . 5 km 
T'gillL tC&^T, ^ne>©^©^iJt^*^LTU^o Hll 9^?>^J 
SJ^tc, 5 2 Onm~ 1 6 2 0 nm (C;\~> h\ La*> K) (z 

iS^Ttt. #8fc^M* s ±0. 0 2 5 p s/nm/kmfeJlTt-lIPx.£*iT^So 
Sfcx ffMfai 4 9 0nm~1 6 2 0nm (SA>h\ C)*> K, La" 
15 >hO t3^T&, #lfc{ii^#±0. 0 5ps/nm/kmJUTt&i;L£>*LT^ 

So 

^ fe> if 1 4 5 0 nm~ 1 6 2 0 nm ( S +;\"> h\ S)^> K, C 

M> K, L;*>K) b*MT{±, ^tfii^+O. 2 p s/nm/kmJilT££P 

1 708 2 1) ±fc*«ffct^»«ilt^W^*i9:itTfe < k^o i©«fc-5fc-rn 
25 fcf, & 1 ©Mi«r/H7>8 4 1fc«fcSS + K tz&ft 3#ifc©Mft#35# 
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1. m^m^wU 1 5 2 0 nm~ 1 6 2 OnrnMifcHf^rAt^o 

mmm 1 ©^iie^ss^ h n & m i & <t ^n§ 2 ©^i&is&ss ^ . 

mzm, 1 ©#iife^ssi:BuiBm 1 2 &&&&&& t(DF3izmf<htix 
4b*t). gii ©jsn5ja&e£fc*T st&ia«^«*»«©#£ie 1 *«fc vie 2 © 
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(57) In the dispersion-compensating system of the 
present invention, a demultiplexer demultiplexes optical 
signals in a signal wavelength band of 1 520 nm to 1 620 
nm propagating through a first common transmission 
line into C band ( 1 520 nm to 1 565 nm) and L band (1 565 
nm to 1 620 nm). Then, the demultiplexer outputs the op- 
tical signals of C band into a first branched transmission 
line and the optical signals of L band into a second 
branched transmission line. A first dispersion-compen- 
sating device is provided on the first common transmis- 
sion line and compensates for the dispersion in C and 
L bands. A second dispersion-compensating device is 
provided on the second branched transmission line and 
compensates for the dispersion in L band, which has not 
fully been compensated for by the first dispersion-com- 
pensating device. Hence, the dispersion of optical trans- 
mission line can fully be reduced in a wide signal light 
wavelength band. 
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Description 
Technical Field 

[0001] The present invention relates to a dispersion- 
compensating system which compensates for disper- 
sion in a wide signal wavelength band. 

Background Art 

[0002] An optical transmission system employing a 
WDM (Wavelength Division Multiplexing) scheme trans- 
mits a multitude of wavelengths of optical signals in a 
1 .55-ujn wavelength band by way of an optical fiber 
transmission line network and can carry out large-ca- 
pacity, high-speed communications. This optical trans- 
mission system comprises not only an optical fiber 
transmission line which is a transmission medium for the 
optical signals, but also an optical amplifier for collec- 
tively amplifying the multitude of wavelengths of optical 
signals, and the like. In order to enable further larger- 
capacity/higher-speed communications in such WDM 
communications, various kinds of research and devel- 
opment have been under way. 

[0003] As for the optical transmission line, reducing 
its dispersion and dispersion slope has been an impor- 
tant subject for study. Namely, if the optical transmission 
line has a dispersion in the wavelength band of optical 
signals, then their waveforms may be deformed to 
cause reception degradation when they reach a receiv- 
ing station by way of the optical transmission line after 
being sent out from a transmitting station, since each 
optical signal has a certain bandwidth even though it is 
considered monochromatic. Therefore, it is desirable 
that the dispersion of optical transmission line be as 
small as possible in the signal wavelength band. Also, 
for larger-capacity communications, it is desirable that 
the dispersion of the optical transmission line be smaller 
in a signal wavelength band which is as wide as possi- 
ble, whereby it is desirable that the dispersion slope of 
the optical transmission line be as small as possible. 
[0004] Hence, a dispersion-compensating optical fib- 
er has been connected to a single-mode optical fiber 
which is usually used for the optical transmission line, 
so as to reduce the dispersion of the whole optical trans- 
mission line. Namely, while the single-mode optical fiber 
has a positive dispersion in the 1.55-ujn wavelength 
band, the dispersion-compensating optical fiber has a 
negative dispersion in this wavelength band, whereby 
an optical transmission line in which the single-mode op- 
tical fiber and the dispersion-compensating optical fiber 
are connected to each other at an appropriate length 
ratio reduces its dispersion as a whole. 
[0005] On the other hand, since optical fiber amplifiers 
which can amplify optical signals in a 1 .58- iim wave- 
length band have been developed, it has been contem- 
plated carrying out optical communications with a fur- 
ther larger capacity by using not only optical signals in 



the 1 .55-jxm wavelength band (C band; 1 520 nm to 1 565 
nm) but also those in the 1 .58- u.m wavelength band (L 
band; 1565 nm to 1620 nm). 

5 Disclosure of the Invention 

[0006] The inventors have studied the above-men- 
tioned background art and, as a result, have found the 
following problems. Namely, if the dispersion-compen- 
10 sating optical fiber is connected to the single- mode op- 
tical fiber in a signal wavelength band including both C 
and L bands, then the dispersion of the optical transmis- 
sion line can be reduced to a certain extent. However, 
it is difficult to fully reduce dispersion in a wide range of 
is the signal wavelength band including both C and L 
bands. 

[0007] On the other hand, for enhancing the transmis- 
sion capacity, it is effective to broaden the signal wave- 
length band. To this aim, it is necessary to sufficiently 
reduce dispersion in a wider signal wavelength band, 
for example, including S band (1490 nm to 1520 nm) 
and S+ band (1 450 nm to 1 490 nm) in addition to C and 
L bands as the signal wavelength band. 
[0008] For overcoming the problems mentioned 
above, it is an object of the present invention to provide 
a dispersion-compensating system which can fully re- 
duce dispersion in a wide signal wavelength band. 
- [0009] A dispersion-compensating system in accord- 
ance with the present invention is a dispersion-compen- 
sating system for a signal wavelength band of 1520 nm 
to 1620 nm, the system comprising: (1) a first common 
transmission line through which light in the signal wave- 
length band propagates; (2) first and second branched 
transmission lines branching off from the first common 
transmission line; (3) a demultiplexer, provided between 
the first common transmission line and the first and sec- 
ond branched transmission lines, for demultiplexing 
light in the signal wavelength band propagating through 
the first common transmission line into first and second 
wavelength bands, and outputting light in the first wave- 
length band into the first branched transmission line and 
light in the second wavelength band into the second 
branched transmission line; (4) a first dispersion-com- 
pensating device, provided on the first common trans- 
mission line, for compensating for at least a dispersion 
in the first wavelength band; and (5) a second disper- 
sion-compensating device, provided on the second 
branched transmission line, for compensating for at 
least a dispersion in the second wavelength band. 
[0010] According to this dispersion-compensating 
system, the dispersion of at least the first wavelength 
band in the signal wavelength band of 1 520 nm to 1 620 
nm is compensated for by the first dispersion-compen- 
sating device provided on the first common transmission 
line. Then, light in the first wavelength band is separated 
by the demultiplexer, so as to be transmitted to the first 
branched transmission line. On the other hand, light in 
the second wavelength band is separated by the demul- 
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tiplexer, so as to be transmitted to the second branched 
transmission line. Hence, even when the dispersion in 
the second wavelength band is not sufficiently compen- 
sated for by the first dispersion-compensating device, it 
is further compensated for by the second dispersion- 
compensating device provided on the second branched 
transmission line. 

[0011] In this dispersion-compensating system, the 
first dispersion-compensating device may compensate 
for the dispersion in the first wavelength band so as to 
yield a dispersion deviation of ±0.5 ps/nm/km or less, 
more preferably, ±0.2 ps/nm/km or less, and the first and 
second dispersion-compensating devices may com- 
pensate for the dispersion in the second wavelength 
band so as to yield a dispersion deviation of ± 0.5 ps/ 
nm/km or less, more preferably, ± 0.2 ps/nm/km or less. 
As a consequence, dispersion is fully compensated for 
in both of the first and second wavelength bands. 
[0012] This dispersion-compensating system may 
further comprise a third dispersion-compensating de- 
vice provided on the first branched transmission line, the 
first and third dispersion-compensating devices com- 
pensating for the dispersion in the first wavelength band. 
As a consequence, even when the dispersion in the first 
wavelength band has not yet fully been compensated 
for by the first dispersion-compensating device, it is fur- 
ther compensated for by the third dispersion-compen- 
sating device, provided on the first branched transmis- 
sion line, after the first wavelength band is separated by 
the demultiplexer, whereby the dispersion is compen- 
sated for more adequately. 

[0013] In this dispersion-compensating system, the 
first and third dispersion-compensating devices may 
compensate for the dispersion in the first wavelength 
band so as to yield a dispersion deviation of ±0.5 ps/nm/ 
km or less, more preferably, ±0.2 ps/nm/km or less, 
whereas the first and second dispersion-compensating 
devices may compensate for the dispersion in the sec- 
ond wavelength band so as to yield a dispersion devia- 
tion of ±0.5 ps/nm/km or less, more preferably, ±0.2 ps/ 
nm/km or less. As a consequence, the dispersion in the 
first wavelength band is fully compensated for by the first 
and third dispersion-compensating devices. 
[0014] In this dispersion-compensating system, the 
first dispersion compensating device provided on the 
first commom line preferably has a dispersion slope 
compensating ratio of 60 to 150%, more preferably, 85 
to 135% at wavelength of 1 .55}xm. 
[0015] A dispersion-compensating system in accord- 
ance with the present invention is a dispersion-compen- 
sating system for a signal wavelength band of 1 520 nm 
to 1 620 nm, the system comprising: (1 ) a first common 
transmission line through which light in the signal wave- 
length band propagates; (2) first and second branched 
transmission lines branching off from the first common 
transmission line; (3) a demultiplexer, provided between 
the first common transmission line and the first and sec- 
ond branched transmission lines, for demultiplexing 



light in the signal wavelength band propagating through 
the first common transmission line into first and second 
wavelength bands, and outputting light in the first wave- 
length band into the first branched transmission line and 

5 light in the second wavelength band into the second 
branched transmission line; (4) a first dispersion-com- 
pensating device, provided on the first branched trans- 
mission line, for compensating for a dispersion in the 
first wavelength band; and (5) a second dispersion-com- 

10 pensating device, provided on the second branched 
transmission line, for compensating for a dispersion in 
the second wavelength band. 

[0016] According to this dispersion-compensating 
system, the first and second wavelength bands in the 
15 signal wavelength band of 1 520 nm to 1 620 nm are sep- 
arated by the demultiplexer, and light in the first wave- 
length band is outputted to the first branched transmis- 
sion line, whereas light in the second wavelength band 
is outputted to the second branched transmission line. 
20 Then , the dispersion in the first wavelength band is com- 
pensated for by the first dispersion-compensating de- 
vice provided on the first branched transmission line, 
and the dispersion in the second wavelength band is 
compensated for by the second dispersion-compensat- 
es ing device provided on the second branched transmis- 
sion line. 

[0017] In this dispersion-compensating system, the 
first dispersion-compensating device may compensate 
for the dispersion in the first wavelength band so as to 

30 yield a dispersion deviation of ± 0.5 ps/nm/km or less, 
more preferably, ± 0.2 ps/nm/km or less, whereas the 
second dispersion-compensating device may compen- 
sate for the dispersion in the second wavelength band 
so as to yield a dispersion deviation of ± 0.5 ps/nm/km 

35 or less, more preferably, ±0.2 ps/nm/km or less. As a 
consequence, dispersion is fully compensated for in 
both of the first and second wavelength bands. 
[0018] The dispersion-compensating system may fur- 
ther comprise a multiplexer for multiplexing light in the 

40 first wavelength band propagating through the first 
branched transmission line and light in the second 
wavelength band propagating through the second 
branched transmission line. As a consequence, light in 
the first and second wavelength bands is multiplexed by 

45 the multiplexer. This configuration is suitably used in a 
repeater station. Receiving stations are not required to 
comprise such a multiplexer. 

[0019] The dispersion-compensating system may fur- 
ther comprise a first optical amplifier, provided on the 

so fjrst branched transmission line, for amplifying light in 
the first wavelength band; and a second optical amplifi- 
er, provided on the second branched transmission line, 
for amplifying light in the second wavelength band. As 
a consequence, light in the first wavelength band is am- 

55 plified by the first optical amplifier provided on the first 
branched transmission line, whereas light in the second 
wavelength band is amplified by the second optical am- 
plifier provided on the second branched transmission 
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line. Here, the first and second optical amplifiers may 
include a Raman amplifier. 

[0020] It is preferred that the above-mentioned first to 
third dispersion-compensating devices each have the 
form of an optical fiber, whereas not only a dispersion- 
compensating optical fiber but also one known as a dis- 
persion-shifted optical fiber can favorably be used. 
These optical fibers as a dispersion-compensating de- 
vice may be laid as an optical transmission line or be 
formed into a module as being wound like a coil. 
[0021 ] Though the first and second wavelength bands 
may be such that one of them is in the C band (1 520 nm 
to 1565 nm) whereas the other is in the L band (1565 
nm to 1 620 nm), they are not restricted thereto. For ex- 
ample, there may be a case where one of them ranges 
from 1490 nm to 1520 nm, whereas the other ranges 
from 1520 nmto 1565 nm. 

[0022] A dispersion-compensating system in accord- 
ance with the present invention comprises: (1 ) N disper- 
sion-compensating devices DC, to DC N {N>2) succes- 
sively provided on a main transmission line between an 
input end and an output end; and (2) a demultiplexer 
DIV n (2<n<N), provided between dispersion-compen- 
sating devices DC n _., and DC n in the N dispersion-com- 
pensating devices DC 1 to DC N , for demultiplexing an 
optical signal outputted from the dispersion-compensat- 
ing device DC,,..,, outputting an optical signal in thus de- 
multiplexed one wavelength band to the dispersion- 
compensating device DC n , and outputting an optical sig- 
nal in the other wavelength band to a branched trans- 
mission line P n . Also, a dispersion of the wavelength 
band demultiplexed by the demultiplexers© as to be out- 
putted to the branched transmission line P n is compen- 
sated for by the dispersion-compensating devices DC 1 
to DC n ^ (2<n<N) in the N dispersion-compensating de- 
vices DC 1 to DC N . 

[0023] According to this dispersion-compensating 
system, of the signal light fed to the input end, the optical 
signal in the wavelength band demultiplexed by the de- 
multiplexer DIV n so as to be outputted to the branched 
transmission line P n has its dispersion compensated for 
by the dispersion-compensating devices DC 1 to DC rvl 
(2<n<N) byway of which it has reached the demultiplex- 
er DIV n . The amount of dispersion compensation de- 
pends on the wavelength of optical signal. 
[0024] This dispersion-compensating system may 
further comprise a demultiplexer Dlv\,, provided in front 
of the first-stage dispersion-compensating device DC 1 
in the N. dispersion-compensating devices DC 1 to DC N , 
for demultiplexing the optical signal fed to the input end, 
outputting an optical signal in thus demultiplexed one 
wavelength band to the dispersion-compensating de- 
vice DC 1f and outputting an optical signal in the other 
wavelength band to a branched transmission line P 1 . As 
a consequence, among the optical signals fed to the in- 
put end, the optical signal in the wavelength band de- 
multiplexed by the demultiplexer DIV 1 so as to be out- 
putted to the branched transmission line P 1 would not 



have its dispersion compensated for by any of the dis- 
persion-compensating devices. 

[0025] This dispersion-compensating system may 
further comprise a multiplexing section for inputting 
5 therein an optical signal outputted from the last-stage 
dispersion-compensating device DC N in the N disper- 
sion-compensating devices DC 1 to DC N and an optical 
signal outputted to the branched transmission line P n 
from the demultiplexer DIV n ( 2<n<N) (and further in- 
fo putting therein an optical signal outputted from the de- 
multiplexer DIV 1 to the branched transmission line P.,), 
multiplexing these optical signals, and outputting thus 
multiplexed optical signals. As a consequence, each op- 
tical signal is compensated for by a necessary amount 
is of dispersion compensation and then is multiplexed by 
and outputted from the multiplexer. This is suitably used 
in a repeater station. 

[0026] In the above-mentioned dispersion-compen- 
sating system, it is preferred that the N dispersion-com- 
pensating devices DC 1 to DC N each have the form of 
an optical fiber, whereas not only a dispersion-compen- 
sating optical fiber but also one known as a dispersion- 
shifted optical fiber can usually be used for dispersion 
compensation. These optical fibers as a dispersion- 
compensating device may be laid as an optical trans- 
mission line or be formed into a module as being wound 
like a coil. If the dispersion-compensating devices are 
optical fibers, then each of them is excellent in the de- 
gree of freedom in setting the amount of dispersion, 
whereby each can take a broad wavelength band to be 
subjected to dispersion compensation. It is preferred 
that the N demultiplexers DIV-, to DIV n each use a WDM 
coupler. In this case a desirable wavelength band can 
be demultiplexed at a low cost in a simple manner. 
[0027] A dispersion-compensating system in accord- 
ance with the present invention demultiplexes an optical 
signal inputted by way of a common transmission line 
into a plurality of wavelength bands and comprises a 
plurality of dispersion-compensating devices for com- 
pensating for respective dispersions in thus demulti- 
plexed wavelength bands. Preferably, in this case, each 
of the demultiplexed wavelength bands has a wave- 
length band of at least 20 nm. Also, it is preferred that 
the number of wavelength bands to be demultiplexed is 
at least 2 but not greater than 5. 
[0028] According to this dispersion-compensating 
system, the optical signal inputted by way of the com- 
mon transmission line is demultiplexed into a plurality of 
wavelength bands, and the respective dispersions in the 
demultiplexed wavelength bands are individually com- 
pensated for by a plurality of dispersion-compensating 
devices corresponding to the respective wavelength 
bands. 

[0029] It is preferred in this dispersion-compensating 
system that the wavelength bands to be demultiplexed 
are S+ band, S band, C band, and L band. In this case, 
since the optical amplifiers have their respective suita- 
ble wavelength bands for optical amplification, the opti- 
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cal signal can efficiently be amplified if it is demulti- 
plexed into the above-mentioned wavelength bands. 
[0030] Preferably, this dispersion-compensating sys- 
tem has a dispersion deviation of ±0.5 ps/nm/km or less 
in a signal wavelength band of 1520 nm to 1620 nm. As 
a consequence, transmission over a distance of 2000 
km is possible by use of an optical signal at 10 Gbits/s 
in C and L bands. If the signal wavelength band is 1490 
nm to 1 620 nm, then it expands to S band in addition to 
C and L bands. If the signal wavelength band is 1450 
nm to 1620 nm, then it expands to S+ band in addition 
to C, L, and S bands. 

[0031 ] If the dispersion deviation is ±0.2 ps/nm/km or 
less, then transmission over a distance of 5000 km is 
possible by use of an optical signal at 1 0 Gbits/s. If the 
dispersion deviation is ±0.1 ps/nm/km or less, then 
transmission over a distance of 1 0000 km is possible by 
use of an optical signal at 10 Gbits/S: If the dispersion 
deviation is ± 0.05 ps/nm/km or less, then transmission 
over a distance of 5000 km is possible by use of an op- 
tical signal at 20 Gbits/s. If the dispersion deviation is ± 
0.025 ps/nm/km or less, then transmission over a dis- 
tance of 1 0000 km is possible by use of an optical signal 
at 20 Gbits/s. 

[0032] Preferably, in this dispersion-compensating 
system, the dispersion-compensating devices for com- 
pensating for the respective dispersions in the demulti- 
plexed wavelength bands have a. module form. As a 
consequence, the space for installation is reduced, and 
the cost of installation is cut down. 
[0033] The present invention will become more fully 
understood from the detailed description given herein- 
below and the accompanying drawings. They are given 
by way of illustration only, and thus should not be con- 
sidered limitative of the present invention. 

Brief Description of the Drawings 

[0034] 

Fig. 1 is a schematic block diagram of the disper- 
sion-compensating system in accordance with a 
first embodiment; 

Fig. 2 is a schematic block diagram of the disper- 
sion-compensating system in accordance with a *s 
second embodiment; 

Fig. 3 is a schematic block diagram of the disper- 
sion-compensating system in accordance with a 
third embodiment; 

Fig. 4 is a schematic block diagram of the disper- 50 
sion-compensating system in accordance with a 
fourth embodiment; 

Fig. 5A is a view schematically showing the struc- 
ture of a dispersion-compensating optical fiber; 
Fig. 5B is a chart showing the refractive index profile 55 
of the dispersion-compensating optical fiber; 
Fig. 6A is a graph showing a specific example of 
dispersion characteristic of a single-mode optical 



fiber connected to the dispersion-compensating 
system in accordance with the first embodiment; 
Fig. 6B is a graph showing a specific example of 
dispersion characteristic of the first dispersion-com- 
pensating device in the dispersion-compensating 
system in accordance with the first embodiment; 
Fig. 6C is a graph showing a specific example of 
dispersion characteristic in the case where the sin- 
gle-mode optical fiber having the dispersion char- 
acteristic shown in Fig. 6A and the first dispersion- 
compensating device having the dispersion charac- 
teristic shown in Fig. 6B are connected to each oth- 
er at a predetermined ratio; 
Fig. 6D is a graph showing a specific example of 
total dispersion characteristic in the case where the 
dispersion-compensating system (a dispersion 
slope compensating ratio of the first dispersion 
compensating device T| is 1 00% at a wavelength of 
1.55 urn) in accordance with the first embodiment 
is connected to the single-mode optical fiber having 
the dispersion characteristic shown in Fig. 6A; 
Fig. 7A is a view schematically showing the struc- 
ture of a dispersion-sifted optical fiber; 
Fig. 7B is a chart showing the refractive index profile 
of the dispersion-shifted optical fiber; 
Fig. 8A is a graph showing a specific example of 
dispersion characteristic of a single-mode optical 
fiber connected to the dispersion-compensating 
system in accordance with the first embodiment; 
Fig. 8B is a graph showing a specific example of 
dispersion characteristic of the first dispersion-com- 
pensating device in the dispersion-compensating 
system in accordance with the first embodiment; 
Fig. 8C is a graph showing a specific example of 
dispersion characteristic in the case where the sin- 
gle-mode optical fiber having the dispersion char- 
acteristic shown in Fig. 8A and the first dispersion- 
compensating device having the dispersion charac- 
teristic shown in Fig. 8B are connected to each oth- 
er at a predetermined ratio; 
Fig. 8D is a graph showing a specific example of 
total dispersion characteristic in the case where the 
dispersion-compensating system (a dispersion 
slope compensating ratio of the first dispersion 
compensating device t| is 70% at a wavelength of 
1.55 u,m) in accordance with the first embodiment 
is connected to the single-mode optical fiber having 
the dispersion characteristic shown in Fig. 8A; 
Fig. 9A is a graph showing a specific example of 
dispersion characteristic of a single-mode optical 
fiber connected to the dispersion-compensating 
system in accordance with the second embodiment; 
Fig. 9B is a graph showing a specific example of 
dispersion characteristic of the first dispersion -com- 
pensating device in the dispersion-compensating 
system in accordance with the second embodiment; 
Fig. 9C is a graph showing a specific example of 
dispersion characteristic in the case where the sin- 
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gle-mode optical fiber having the dispersion char- 
acteristic shown in Fig. 9A and the first dispersion- 
compensating device having the dispersion charac- 
teristic shown in Fig. 9B are connected to each oth- 
er at a predetermined ratio; 5 
Fig. 9D is a graph showing a specific example of 
total dispersion characteristic in the case where the 
dispersion-compensating system (a dispersion 
slope compensating ratio of the first dispersion 
compensating device T| is 1 35% at a wavelength of 10 
1 .55 |im) in accordance with the second embodi- 
ment is connected to the single-mode optical fiber 
having the dispersion characteristic shown in Fig. 
9A; 

Fig. 1 0A is a graph showing a specific example of is 
dispersion characteristic of a single-mode optical 
fiber connected to the dispersion-compensating 
system in accordance with the third embodiment; 
Fig. 1 0B is a graph showing a specific example of 
dispersion characteristic of the first dispersion-com- 20 
pensating device in the dispersion-compensating 
system in accordance with the third embodiment; 
Fig. 10C is a graph showing a specific example of 
dispersion characteristic of the second dispersion- 
compensating device in the dispersion-compensat- 25 
ing system in accordance with the third embodi- 
ment; 

Fig. 1 0D is a graph showing a specific example of 
total dispersion characteristic in the case where the 
dispersion-compensating system (a dispersion 30 
slope compensating ratio of the first dispersion 
compensating device t\ is 100% at a wavelength of 
1.55 |im) in accordance with the third embodiment 
is connected to the single-mode optical fiber having 
the dispersion characteristic shown in Fig. 10A; 35 
Fig. 1 1 is a graph showing the relationship between 
the dispersion slope compensating ratio of the first 
dispersion compensating device provided on the 
first common transmission line at the wavelength of 
1 .55 p,m and the dispersion deviation in this disper- 40 
sion compensating system; 
Fig. 12 is a schematic block diagram of the disper- 
sion-compensating system in accordance with a 
fifth embodiment; 

Fig. 13A is a graph showing a specific example of *s 
accumulated dispersion amount of optical signals 
fed to the dispersion-compensating system in ac- 
cordance with the fifth embodiment; 
Fig. 13B is a graph showing a specific example of 
accumulated dispersion amount at point A (see Fig. so 
12) of optical signals fed to the dispersion-compen- 
sating system in accordance with the fifth embodi- 
ment; 

Fig. 13C is a graph showing a specific example of 
accumulated dispersion amount at point B (see Fig. 55 
12) of optical signals fed to the dispersion-compen- 
sating system in accordance with the fifth embodi- 
ment; 



Fig. 1 3D is a graph showing a specific example of 
accumulated dispersion amount at point C (see Fig. 
1 2) of optical signals fed to the dispersion-compen- 
sating system in accordance with the fifth embodi- 
ment; 

Fig. 14A is a graph showing a specific example of 
accumulated dispersion amount of optical signals 
fed to the dispersion-compensating system in ac- 
cordance with the fifth embodiment; 
Fig. 14B is a graph showing another specific exam- 
ple of accumulated dispersion amount at point A 
(see Fia 12) of optical signals fed to the dispersion- 
compensating system in accordance with the fifth 
embodiment; 

Fig. 1 4C is a graph showing another specific exam- 
ple of accumulated dispersion amount at point B 
(see Fig. 12) of optical signals fed to the dispersion- 
compensating system in accordance with the fifth 
embodiment; 

Fig. 1 4D is a graph showing another specific exam- 
ple of accumulated dispersion amount at point C 
(see Fig. 1 2) of optical signals fed to the dispersion- 
compensating system in accordance with the fifth 
embodiment; 

Fig. 15 is a schematic block diagram of the disper- 
sion-compensating system in accordance with a 
sixth embodiment; 

Fig. 16 is a schematic block diagram of the disper- 
sion-compensating system in accordance with a 
seventh embodiment; 

Fig. 1 7 is a schematic block diagram of the disper- 
sion-compensating system in accordance with an 
eighth embodiment; 

Fig. 1 8A is a view schematically showing the struc- 
ture of a dispersion-compensating optical fiber; 
Fig. 1 8B is a chart showing the refractive index pro- 
file of the dispersion-compensating optical fiber; 
and 

Fig. 19 is a graph showing a specific example of 
total dispersion characteristics of the dispersion- 
compensating system in accordance with the eighth 
embodiment. 

Best Modes for Carrying Out the Invention 

[0035] In the following, preferred embodiments of the 
dispersion-compensating system in accordance with 
the present invention will be explained in detail with ref- 
erence to the accompanying drawings. Here, constitu- 
ents identical to each other will be referred to with nu- 
merals identical to each other, without repeating their 
overlapping explanations. 

[0036] To begin with, a first embodiment of the disper- 
sion-compensating system in accordance with the 
present invention will be explained. Fig. 1 is a schematic 
block diagram of the dispersion-compensating system 
100 in accordance with the first embodiment. The dis- 
persion-compensating system 1 00 comprises first and 
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second common transmission lines 111, 112; first and 
second branched transmission lines 121, 122; a demul- 
tiplexer 1 31 ; a multiplexer 1 32; and first and second dis- 
persion-compensating devices 141, 142. The disper- 
sion-compensating system 100 is connected to an ex- 
ternal single-mode optical fiber 1 by way of an input end 
115 which corresponds to one end of the first common 
transmission line 111. Therefore, optical signals propa- 
gating through the single-mode optical fiber 1 are fed 
into the dispersion-compensating system 100 from the 
input end 115. 

[00371 The demultiplexer 131 is provided between the 
first common transmission line 111 and the first and sec- 
ond branched transmission lines 121 , 122. The demul- 
tiplexer 131 demultiplexes the optical signals in a signal 
wavelength band of 1520 nm to 1620 nm propagating 
through the first common transmission line 111 . into C 
band (1520 nm to 1565 nm) and L band (1565 nm to 
1620 nm). Then, the demultiplexer 131 outputs the op- 
tical signals of C band into the first branched transmis- 
sion line 121 and the optical signals of L band into the 
second branched transmission line 122. 
[0038] The multiplexer 132 is provided between the 
second common transmission line 112 and the first and 
second branched transmission lines 121, 122. The mul- 
tiplexer 132 multiplexes the optical signals of C band 
propagating through the first branched transmission line 
121 and the optical signals of L band propagating 
through thesecond branched transmission line 1 22, and 
outputs thus multiplexed optical signals to the second 
common transmission line 112. The optical signals out- 
putted from the multiplexer 132 so as to propagate 
through the second common transmission line 112 are 
outputted to the outside by way of an output end 116 
which corresponds to one end of the second common 
transmission line 112. 

[0039] Here, the first dispersion-compensating device 
141 is provided on the first common transmission line 
111. The first dispersion-compensating device 1 41 com- 
pensates for the dispersion in C and L bands. However, 
the first dispersion-compensating device 1 41 cannot ful- 
ly compensate for the dispersion in L band. On the other 
hand, the second dispersion-compensating device 142 
is provided on the second branched transmission line 
122. As a consequence, the dispersion in L band, which 
has not fully been compensated for by the first disper- 
sion-compensating device 1 41 , is fully compensated for 
by the second dispersion-compensating device 142. 
[0040] Preferably, in the dispersion -compensating 
system 1 00 in accordance with the first embodiment, the 
first dispersion-compensating device 141 compensates 
for the dispersion in C band so as to yield a dispersion 
deviation of ±0.5 ps/nm/km or less, more preferably, ± 
0.2 ps/nm/km or less, whereas the first and second dis- 
persion-compensating devices 141, 142 compensate 
for the dispersion in L band so as to yield a dispersion 
deviation of ± 0.5 ps/nm/km or less, more preferably, ± 
0.2 ps/nm/km or less. As a consequence, dispersion can 
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fully be reduced over a wide range of the signal wave- 
length band including both C and L bands. Hence, op- 
tical communications with a large capacity, e.g., at 10 to 
20 Gbit/s, can be carried out. 
5 [0041] In the dispersion-compensating system 100, 
the first dispersion compensating device 141 provided 
on the first commom line 11 1 preferably has a dispersion 
slope compensating ratio of 60 to 150%, more prefera- 
bly, 85 to 1 35% at wavelength of 1 .55u,m. As a conse- 
10 quence, fluctuations in dispersion among wavelengths 
are suppressed. The dispersion slope compensating ra- 
tio will be explained later in detail. 
[0042] In the dispersion-compensating system 1 00 in 
accordance with the first embodiment, as in the forego- 
es mg, in the signal wavelength band of 1520 nm to 1 620 
nm, the dispersion in C band is compensated for by the 
first dispersion-compensating device 141, whereas the 
dispersion in L band is compensated for by both of the 
first and second dispersion-compensating devices 141 , 
20 142. As a result, the dispersion of optical transmission 
line can fully be reduced over a wide signal wavelength 
band including both C and L bands. 
[0043] A second embodiment of the dispersion-com- 
pensating system in accordance with the present inven- 
ts tion will now be explained. Fig. 2 is a schematic block 
diagram of the dispersion-compensating system 200 in 
accordance with the second embodiment. The disper- 
sion-compensating system 200 further comprises a 
third dispersion-compensating device 143 on the first 
30 branched transmission line 121 in addition to the con- 
figuration of the dispersion-compensating system 100 
in accordance with the first embodiment. 
[0044] In the dispersion-compensating system 200, 
as in the dispersion-compensating system 100 in ac- 
35 cordance with the first embodiment, the first dispersion- 
compensating device 141 is provided on the first com- 
mon transmission line 111, so that the dispersion in C 
and L bands is compensated for by the first dispersion- 
compensating device 141 . However, the first dispersion- 
40 compensating device 141 cannot fully compensate for 
the dispersion in L band. Hence, the second dispersion- 
compensating device 142 provided on the second 
branched transmission line 122 compensates for the 
dispersion in L band, which has not fully been compen- 
45 sated for by the first dispersion-compensating device 
141. 

[0045] Also, there are cases where not only the dis- 
persion compensation in L band but also the dispersion 
compensation in C band has not yet been considered 

50 sufficient. Here, since the third dispersion-compensat- 
ing device 143 is provided on the first branched trans- 
mission line 121, the dispersion in G band, which has 
not yet fully been compensated for by the first disper- 
sion-compensating device 141 , is compensated for by 

55 the third dispersion-compensating device 1 43 in the dis- 
persion-compensating system 200 in accordance with 
the second embodiment. 

[0046] Preferably, in the dispersion-compensating 
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system 200 in accordance with the second embodiment, 
the first and third dispersion-compensating devices 141, 
143 compensate for the dispersion in C band so as to 
yield a dispersion deviation of ±0.5 ps/nm/km or less, 
more preferably, ±0.2 ps/nm/km or less, and the first and 
second dispersion-compensating devices 141, 142 
compensate for the dispersion in L band so as to yield 
a dispersion deviation of ±0.5 ps/nm/km or less, more 
preferably, ±0.2 ps/nm/km or less. As a consequence, 
dispersion can fully be reduced over a wide range of the 
signal wavelength band including both C and L bands. 
Hence, optical communications with a large capacity, e. 
g., at 1 0 to 20 Gbit/s, can be carried out. 
[0047] In the dispersion-compensating system 200, 
the first dispersion compensating device 141 provided 
on the first commom line 1 1 1 preferably has a dispersion 
slope compensating ratio of 60 to 150%, more prefera- 
bly, 85 to 135% at wavelength of 1 .55p.m. As a conse- 
quence, fluctuations in dispersion among wavelengths 
are suppressed. The dispersion slope compensating ra- 
tio will be explained later in detail. 
[0048] In the dispersion-compensating system 200 in 
accordance with the second embodiment, as in the fore- 
going, in the signal wavelength band of 1 520 nm to 1 620 
nm, the dispersion in C band is compensated for by both 
of the first and third dispersion-compensating devices 
141 , 143, whereas the dispersion in L band is compen- 
sated for by both of the first and second dispersion-com- 
pensating devices 141 , 142. As a result, the dispersion 
of optical transmission line can fully be reduced over a 
wide signal wavelength band including both C and L 
bands. 

[0049] A third embodiment of the dispersion-compen- 
sating system in accordance with the present invention 
will now be explained. Fig. 3 is a schematic block dia- 
gram of the dispersion-compensating system 300 in ac- 
cordance with the third embodiment. The dispersion- 
compensating system 300 comprises first and second 
common transmission lines 311, 312; first and second 
branched transmission lines 321, 322; a demultiplexer 
331 ; a multiplexer 332; and first and second dispersion- 
compensating devices 341 , 342. The dispersion-com- 
pensating system 300 is connected to an external sin- 
gle-mode optical fiber 1 by way of an input end 315 
which corresponds to one end of the first common trans- 
mission line 311 . Therefore, optical signals propagating 
through the single-mode optical fiber 1 are fed into the 
dispersion-compensating system 300 from the input 
end 315. 

[0050] The demultiplexer 331 is provided between the 
first common transmission line 311 and the first and sec- 
ond branched transmission lines 321 , 322. The demul- 
tiplexer 331 demultiplexes the optical signals in asignal 
wavelength band of 1520 nm to 1620 nm propagating 
through the first common transmission line 311 into C 
band (1520 nm to 1565 nm) and L band (1565 nm to 
1620 nm). Then, the demultiplexer 331 outputs the op- 
tical signals of C band into the first branched transmis- 



sion line 321 and the optical signals of L band into the 
second branched transmission line 322. 
[0051] The multiplexer 332 is provided between the 
second common transmission line 31 2 and the first and 

5 second branched transmission lines 321 , 322. The mul- 
tiplexer 332 multiplexes the optical signals of C band 
propagating through the first branched transmission line 
321 and the optical signals of L band propagating 
through the second branched transmission line 322, and 

10 outputs thus multiplexed optical signals to the second 
common transmission line 312. The optical signals out- 
putted from the multiplexer 332 so as to propagate 
through the second common transmission line 312 are 
outputted to the outside by way of an output end 316 

*s which corresponds to one end of the second common 
transmission line 312. 

[0052] In the dispersion-compensating system 300, 
the first dispersion-compensating device 341 is provid- 
ed on the first branched transmission line 321 . The first 

20 dispersion -compensating device 341 compensates for 
the dispersion in C band. On the other hand, the second 
dispersion -compensating device 342 is provided on the 
second branched transmission line 322. The second 
dispersion-compensating device 342 compensates for 

25 the dispersion in L band. 

[0053] Preferably, in the dispersion-compensating 
system 300 in accordance with the third embodiment, 
the first dispersion-compensating device 341 compen- 
sates for the dispersion in C band so as to yield a dis- 

30 persion deviation of ±0.5 ps/nm/km or less, more pref- 
erably, ± 0.2 ps/nm/km or less, and the second disper- 
sion-compensating device 342 compensates forthe dis- 
persion in L band so as to yield a dispersion deviation 
of ± 0.5 ps/nm/km or less, more preferably, ± 0.2 ps/nm/ 

35 km or less. As a consequence, dispersion can fully be 
reduced over a wide signal wavelength band including 
both C and L bands. Hence, optical communications 
with a large capacity, e.g., at 10 to 20 Gbit/s, can be 
carried out. 

40 [0054] In the dispersion-compensating system 300 in 
accordance with the third embodiment, as in the forego- 
ing, in the signal wavelength band of 1520 nm to 1620 
nm, the dispersion in C band is compensated for by the 
first dispersion-compensating device 341 , whereas the 

45 dispersion in L band is compensated for by the second 
dispersion-compensating devices 342. As a result, the 
dispersion of optical transmission line can fully be re- 
duced over a wide signal wavelength band including 
both C and L bands. 

50 [0055] A fourth embodiment of the dispersion-com- 
pensating system in accordance with the present inven- 
tion will now be explained. Fig. 4 is a schematic block 
diagram of the dispersion-compensating system 400 in 
accordance with the fourth embodiment. The disper- 

55 sion-compensating system 400 further comprises opti- 
cal amplifiers 151 to 154 in addition to the configuration 
of the dispersion-compensating system 200 in accord- 
ance with the second embodiment. 
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[0056] The optical amplifiers 1 51 , 1 52 are provided on 
the first branched transmission line 121 , and amplify the 
optical signals of C band. The optical amplifiers 1 53, 1 54 
are provided on the second branched transmission line 
122, and amplify the optical signals of L band. Here, it 
will be sufficient if an optical amplifier is provided on at 
least one of the input end side and output end side of 
each of the first and second branched transmission lines 
121, 122. As the optical amplifier, a Raman amplifier 
such as one disclosed in "Crosstalk Bandwidth in Back- 
ward Pumped Fiber Raman Amplifiers" (IEEE PHOT- 
ONICS TECHNOLOGY LETTERS, NOVEMBER 1 999, 
VOL. 1 1 , NO. 1 1 , pp. 1 41 7-1 449, Jun Shan Wey et a!.), 
for example, can be used. 

[0057] Thus, in the dispersion-compensating system 
400 in accordance with the fourth embodiment, as for 
the C band in the signal wavelength band of 1520 nm 
to 1620 nm, its dispersion is compensated for by both 
of the first and third dispersion-compensating device 

141, 1 43, and its optical signals are amplified by the op- 
tical amplifiers 151, 153. As for the L band, on the other 
hand, its dispersion is compensated for by both of the 
first and second dispersion-compensating devices 141 , 

142, and its optical signals are amplified by the optical 
amplifiers 152, 154. As a result, over a wide range of 
signal wavelength band including both C and L bands, 
the dispersion of the optical transmission line can fully 
be reduced, and optical signals can be amplified. The 
dispersion-compensating system 400 in accordance 
with the fourth embodiment is suitably used in a repeater 
station. 

[0058] in the following, the above-mentioned disper- 
sion-compensating systems 100 to 300 in accordance 
with the first to third embodiments will be explained in 
further detail with reference to specific examples, and 
also a preferred range of dispersion slope compensat- 
ing ratio of the first dispersion compensating device 1 41 
provided on the first common transmission line 111 at 
the wavelength of 1 .55ujti will be explained. 
[0059] Here, the dispersion slope compensating ratio 
will be defined. The dispersion slope compensating ratio 
T| is defined by the expression: 

H = 100X(S DCP /D DCF )/(S SMF /D SMF ) 

Here, D SMF is the dispersion value of the single-mode 
optical fiber 1 at a predetermined wavelength, whereas 
S SMF is the dispersion slope of the single-mode optical 
fiber 1 at the predetermined wavelength. D^p is the dis- 
persion value of a dispersion-compensating device (dis- 
persion-compensating optical fiber) at the predeter- 
mined wavelength, whereas Spcp is the dispersion 
slope of the dispersion-compensating device (disper- 
sion-compensating optical fiber) at the predetermined 
wavelength. The dispersion slope compensating ratio t\ 
indicates the degree of compensation of the dispersion 
slope at a predetermined wavelength when the disper- 



sion is compensated for by 1 00% at this predetermined 
wavelength. 

[0060] To begin with, a specific example of the disper- 
sion-compensating system 100 in accordance with the 

s first embodiment will be shown . 

[0061] Employed as the single-mode optical fiber 1 is 
one comprising a core made of pure silica and claddings 
made of silica doped with F element, while having a ze- 
ro-dispersion wavelength near a wavelength of 1 .3 urn. 

10 This single-mode optical fiber 1 has, at a wavelength 
1 .55 urn, adispersion of 1 8.8 ps/nm/km and a dispersion 
slope of 0.057 ps/nm 2 /km. Fig. 6A shows the dispersion 
characteristic of the single-mode optical fiber 1. In the 
signal wavelength band, as shown in Fig. 6A, the single- 

15 mode Dptical fiber 1 has a positive dispersion and a pos- 
itive dispersion slope. 

[0062] As the first dispersion-compensating device 
1 41 , a dispersion-compensating optical fiber having the 
refractive index profile shown in Figs. 5A, 5B is used. In 

so the first dispersion-compensating device 1 41 , a core 31 
has a diameter 2a of 3.93 ujti, a first cladding 32 has an 
outside diameter 2b of 6.78 um, the relative refractive 
index difference A + of the core 31 with respect to a sec- 
ond cladding 33 is 1 .4%, and the relative refractive index 

25 difference A" of the first cladding 32 with respect to the 
second cladding 33 is - 0.6%. Also, the first dispersion- 
compensating~device 141 has, at a wavelength of 1 .55 
ujti, a dispersion of - 73.98 ps/nm/km and a dispersion 
slope of -0.209 ps/nm 2 /km. Fig. 6B shows the dispersion 

30 characteristic of the first dispersion-compensating de- 
vice 141. In the signal wavelength band, as shown in 
Fig. 6B, the first dispersion-compensating device 141 
has a negative dispersion with a large absolute value 
and a negative dispersion slope. 

35 [0063] Fig. 6C shows the total dispersion character- 
istic in the case where such single-mode optical fiber 1 
and first dispersion-compensating device 141 are con- 
nected to each other at a length ratio of 0.8:0.2. As can 
be seen from Fig. 6C, the dispersion in C band is suffi- 

^0 ciently compensated for, but the dispersion in L band is 
not sufficiently compensated for. Therefore, the C and 
L bands are separated by the demultiplexer 131, and 
the dispersion in L band is further compensated for by 
the second dispersion-compensating device 142. 

45 [0064] As the second dispersion-compensating de- 
vice 142, a dispersion-shifted optical fiber having the re- 
fractive index profile shown in Figs. 7A, 7B is used. In 
the second dispersion-compensating device 1 42, a core 
41 has a diameter 2a of 3.31 u,m, a first cladding 42 has 

so an outside diameter 2b of 18.40|xm, the relative refrac- 
tive index difference A 1 of the core 41 with respect to a 
second cladding 43 is 1 .1 0% : and the relative refractive 
index difference Ag of the first cladding 42 with respect 
to the second cladding 43 is 0.14%. Also the second 

55 dispersion-compensating device 1 42 has a zero-disper- 
sion wavelength of 1573 nm, whereas its dispersion 
slope is 0.12 ps/nm 2 /km at a wavelength of 1 .55 um. 
[0065] To an optical fiber in which the above-men- 
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tioned single-mode optical fiber 1 and first dispersion- 
compensating device 141 are connected to each other 
at the above-mentioned ratio, the second dispersion- 
compensating device 142 is connected at a ratio of 56.8 
m per 1 km of the former optical fiber. 
[0066] A broken line in Fig. 6D shows the dispersion 
characteristic obtained when the dispersion in L band is 
further compensated for by the second dispersion-com- 
pensating device 142. As can be seen from Fig. 6D, the 
dispersion compensation in L band also becomes suffi- 
cient. 

[0067] In this specific example, the dispersion slope 
compensating ratio t| of the first dispersion compensat- 
ing device 141 at a wavelength of 1.55 ,um is 100%, 
whereby the dispersion slope is compensated for by 
1 00% at a wavelength of 1 .55 u.m. 
[0068] Another specific example of the dispersion- 
compensating system 100 in accordance with the first 
embodiment will now be explained. 
{0069] Employed as the single-mode optical fiber 1 is 
one comprising a core made of pure silica and claddings 
made of silica doped with F element, while having a ze- 
ro-dispersion wavelength near a wavelength of 1 .3 p,m. 
The single-mode optical fiber 1 has, at a wavelength of 
1 .55 jim, a dispersion of 1 8.8 ps/nm/km and a dispersion 
slope of 0.057 ps/nm 2 /km. Fig. 8A shows the dispersion 
characteristic of the single-mode optical fiber 1. In the 
signal wavelength band, as shown in Fig. 8A, the single- 
mode optical fiber 1 has a positive dispersion and a pos- 
itive dispersion slope. 

[0070] As the first dispersion-compensating device 
1 41 , a dispersion-compensating optical fiber having the 
refractive index profile shown in Figs. 5 A, 5 B is used. In 
the first dispersion-compensating device 141, the core 
31 has a diameter 2a of 3.30 u,m, the first cladding 32 
has an outside diameter 2b of 8.24 |im, the relative re- 
fractive index difference A + of the core 31 with respect 
to the second cladding 33 is 1 .70%, and the relative re- 
fractive index difference A" of the first cladding 32 with 
respect to the second cladding 33 is -0.36%. Also, the 
first dispersion-compensating device 141 has, at a 
wavelength of 1 .55 jxm, a dispersion of -68.17 ps/nm/ 
km and a dispersion slope of -0.144 ps/nm 2 /km. Fig. 7B 
shows the dispersion characteristic of the first disper- 
sion-compensating device 141 . In the signal wavelength 
band, as shown in Fig. 8B, the first dispersion-compen- 
sating device 141 has a negative dispersion with a large 
absolute value and a negative dispersion slope. 
[0071] Fig. 8C shows the total dispersion character- 
istic in the case where such single-mode optical fiber 1 
and first dispersion-compensating device 141 are con- 
nected to each other at a length ratio of 0.786:0.21 4. As 
can be seen from Fig. 8C, though the dispersion com- 
pensation is insufficient in both C and L bands, the dis- 
persion in L band can be compensated for, while the dis- 
persion in C band is hard to compensate for. Therefore, 
the C and L bands are separated by the demultiplexer 
131, and the dispersion in L band is further compensat- 



ed for by the second dispersion-compensating device 
142. 

[0072] As the second dispersion-compensating de- 
vice 142, a dispersion-compensating optical fiber hav- 
5 ing the refractive index profile shown in Figs. 5A, 5B is 
used. In the second dispersion-compensating device 
142, the core 31 has a diameter 2a of 4.41 urn, the first 
cladding 32 has an outside diameter 2b of 9.80 urn, the 
relative refractive index difference A + of the core 31 with 

10 respect to the second cladding 33 is 1 .35%, and the rel- 
ative refractive index difference A - of the first cladding 
32 with respect to the second cladding 33 is -0.50%. The 
second dispersion-compensating device 142 has, at a 
wavelength of 1 .55 urn, a dispersion of -39.9 ps/nm/km 

15 and a dispersion slope of -0.209 ps/nm 2 /km. 

[0073] To an optical fiber in which the above-men- 
tioned single-mode optical fiber 1 and first dispersion- 
compensating device 141 are connected to each other 
at the above-mentioned ratio, the second dispersion- 

20 compensating device 142 is connected at a ratio of 1 2.6 
m per 1 km of the former optical fiber. A broken line in 
Fig. 8D shows the dispersion characteristic obtained 
when the dispersion in L band is further compensated 
for by the second dispersion-compensating device 142. 

25 As can be seen from Fig. 8D, the dispersion compensa- 
tion in L band becomes sufficient. 
[0074] In this specific example, the dispersion slope 
compensating ratio r\ of the first dispersion compensat- 
ing device 141 at a wavelength of 1.55 \im is 70%, 

30 whereby the dispersion slope is not fully compensated 
for at a wavelength of 1 .55 \im. 

[0075] A specific example of the dispersion-compen- 
sating system 200 in accordance with the second em- 
bodiment will now be explained. 

35 [0076] Employed as the single-mode optical fiber 1 is 
one comprising a core made of pure silica and claddings 
made of silica doped with F element, while having a ze- 
ro-dispersion wavelength near a wavelength of 1 .3 jim. 
The single-mode optical fiber 1 has, at a wavelength of 

40 1 .55 urn , a dispersion of 1 8 .8 ps/nm/km and a dispersion 
slope of 0.057 ps/nm 2 /km. Fig. 9A shows the dispersion 
characteristic of the single-mode optical fiber 1. In the 
signal wavelength band, as shown in Fig. 9A, the single- 
mode optical fiber 1 has a positive dispersion and a pos- 

4 5 itive dispersion slope. 

[0077] As the first dispersion-compensating device 
141 , a dispersion-compensating optical fiber having the 
refractive index profile shown in Figs. 5A, 5B is used. In 
the first dispersion-compensating device 141 , the core 

50 31 has a diameter 2a of 3.1 6 jxm, the first cladding 32 
has an outside diameter 2b of 1 0.20 |±m, the relative re- 
fractive index difference A + of the core 31 with respect 
to the second cladding 33 is 1 .70%, and the relative re- 
fractive index difference A - of the first cladding 32 with 

55 respect to the second cladding 33 is -0.36%. Also, the 
first dispersion-compensating device 141 has, at a 
wavelength of 1 .55 iim, a dispersion of -74.2 ps/nm/km 
and a dispersion slope of -0.316 ps/nnr^/km. Fig. 8B 
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shows the dispersion characteristic of the first disper- 
sion-compensating device 1 41 . In thesignal wavelength 
band, as shown in Fig. 9 B, the first dispersion-compen- 
sating device 1 41 has a negative dispersion with a large 
absolute value and a negative dispersion slope. 
[0078] Fig. 9 C shows the total dispersion character- 
istic in the case where such single-mode optical fiber 1 
and first dispersion-compensating device 141 are con- 
nected to each other at a length ratio of 0.798:0.202. As 
can be seen from Fig. 9 C, the dispersion compensation 
in L band is insufficient, and the dispersion compensa- 
tion in C band is not considered sufficient. Therefore, 
the C and L bands are separated by the demultiplexer 
131 , and the dispersion in L band is further compensat- 
ed for by the second dispersion-compensating device 
142, whereas the dispersion in C band is further com- 
pensated for by the third dispersion-compensating de- 
vice 143. 

[0079] As the second and third dispersion-compen- 
sating device 142, 143, a dispersion-shifted optical fib- 
ers having the refractive index profile shown in Figs. 7A, 
7B are used. 

[0080] In the second dispersion-compensating device 

142, a core 41 has a diameter 2a of 3.28 urn, a first clad- 
ding 42 has an outside diameter 2b of 18.2n.rn, the rel- 
ative refractive index difference A 1 of the core 41 with 
respect to a second cladding 43 is 1.10%, and the rela- 
tive refractive index difference A 2 of the first cladding 42 
with respect to the second cladding 43 is 0.14%. Also 
the second dispersion-compensating device 142 has a 
zero-dispersion wavelength of 1568 nm, whereas its 
dispersion slope is 0.12 ps/nm 2 /km at a wavelength of 
1.55 um. To an optical fiber in which the above-men- 
tioned single-mode optical fiber 1 and first dispersion- 
compensating device 141 are connected to each other, 
the second dispersion-compensating device 142 is con- 
nected at a ratio of 660 m per 1 km of the former optical 
fiber. 

[0081] In the third dispersion-compensating device 

1 43, a core 41 has a diameter 2a of 3. 1 7 um, a first clad- 
ding 42 has an outside diameter 2b of 1 7.6um, the rel- 
ative refractive index difference A 1 of the core 41 with 
respect to a second cladding 43 is 1.10%, and the rela- 
tive refractive index difference A 2 of the first cladding 42 
with respect to the second cladding 43 is 0.14%. Also 
the third dispersion-compensating device 143 has a ze- 
ro-dispersion wavelength of 1545 nm, whereas its dis- 
persion slope is 0.12 ps/nm 2 /km at a wavelength of 1 .55 
urn. To the optical fiber in which the above-mentioned 
single-mode optical fiber 1 and first dispersion-compen- 
sating device 141 are connected to each other, the third 
dispersion-compensating device 143 is connected at a 
ratio of 54 m per 1 km of the former optical fiber. 
[0082] In Fig. 9D, a broken line indicates the disper- 
sion characteristic obtained when the dispersion in L 
band is further compensated for by the second disper- 
sion-compensating device 142, whereas a solid line in- 
dicates the dispersion characteristic obtained when the 



dispersion in C band is further compensated for by the 
third dispersion-compensating device 143. As can be 
seen from Fig. 9D, dispersion is sufficiently compensat- 
ed for in both C and L bands. 

5 [0083] In this specific example, the dispersion slope 
compensating ratio r\ of the first dispersion compensat- 
ing device 141 at a wavelength of 1.55 um is 135%, 
whereby the first and third dispersion-compensating de- 
vices 141 ,143 compensate for the dispersion slope at a 

10 wavelength of 1 .55 um in excess. 

[0084] A specific example of the dispersion-compen- 
sating system 300 in accordance with the third embod- 
iment will now be explained. 

[0085] Employed as the single-mode optical fiber 1 is 
15 one comprising a core made of pure silica and claddings 
made of silica doped with F element, while having a ze- 
ro-dispersion wavelength near a wavelength of 1 .3 urn. 
The single-mode optical fiber 1 has, at a wavelength of 
1 .55 urn, a dispersion of 1 8.8 ps/nm/km and a dispersion 
slope of 0 .057 ps/nm 2 /km . Also, this single-mode optical 
fiber 1 has, at a wavelength of 1.58 urn, a dispersion of 
20.8 ps/nm/km and a dispersion slope of 0.057 ps/nm 2 / 
km. Fig. 1 0A shows the dispersion characteristic of the 
single-mode optical fiber 1 . In the signal wavelength 
band, as shown in Fig. 1 0A, the single-mode optical fiber 
1 has a positive dispersion and a positive dispersion 
slope. 

[0086] As the first dispersion-compensating device 
341 , a dispersion-compensating optical fiber having the 
refractive index profile shown in Figs. 5A, 5B is used. In 
the first dispersion-compensating device 341 , the core 

31 has a diameter 2a of 4.60 um, the first cladding 32 
has an outside diameter 2b of 7.09 um, the relative re- 
fractive index difference A + of the core 31 with respect 
to the second cladding 33 is 1 .4%, and the relative re- 
fractive index difference A" of the first cladding 32 with 
respect to the second cladding 33 is - 0.7%. Also, the 
first dispersion-compensating device 341 has, at a 
wavelength of 1 .55 um, a dispersion of - 53.20 ps/nm/ 
km and a dispersion slope of -0.162 ps/nm 2 /km. Fig. 
10B shows the dispersion characteristic of the first dis- 
persion-compensating device 341. In the signal wave- 
length band, as shown in Fig. 10B, the first dispersion- 
compensating device 341 has a negative dispersion 
with a large absolute value and a negative dispersion 
slope. 

[0087] As the second dispersion-compensating de- 
vice 342, a dispersion-compensating optical fiber hav- 
ing the refractive index profile shown in Figs. 5 A, 5B is 
also used. In the second dispersion-compensating de- 
vice 342, the core 31 has a diameter 2a of 4.75 pm, the 
first cladding 32 has an outside diameter 2b of 7.20 pm, 
the relative refractive index difference A + of the core 31 
with respect to the second cladding 33 is 1 .4%, and the 
relative refractive index difference A* of the first cladding 

32 with respect to the second cladding 33 is - 0.7%. Also, 
the second dispersion-compensating device 342 has, at 
a wavelength of 1 .58 um, a dispersion of - 44.44 ps/nm/ 
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km and a dispersion slope of -0.122 ps/nm 2 /km. Fig. 
1 0C shows the dispersion characteristic of the second 
dispersion-compensating device 342. In the signal 
wavelength band, as shown in Fig. 10C, the second dis- 
persion-compensating device 342. has a negative dis- 
persion with a large absolute value and a negative dis- 
persion slope. 

[0088] A solid line in Fig. 1 0D shows the total disper- 
sion characteristic obtained when such single-mode op- 
tical fiber 1 and first dispersion-compensating device 
341 are connected to each other at a length ratio of 1: 
0.35. On the other hand, a broken line in Fig. 1 0D shows 
the total dispersion characteristic obtained when such 
single-mode optical fiber 1 and second dispersion-com- 
pensating device 342 are connected to each other at a 
length ratio of 1 :0.46. As can be seen from Fig. 1 0D, the 
dispersion in C band is compensated for by the first dis- 
persion-compensating device 341 , whereas the disper- 
sion in L band is compensated for by the second disper- 
sion-compensating device 342, whereby dispersion is 
sufficiently compensated for in the signal wavelength 
band including the C and L band. 
[0089] In this specific example, the dispersion slope 
compensating ratio t| of the first dispersion, compensat- 
ing device 141 at a wavelength of 1.55 liiti is 100%, 
whereby the dispersion slope is compensated for by 
1 00% at a wavelength of 1 .55 p.m. 
[0090] The inventors have studied dispersion charac- 
teristics concerning many specific examples including 
those mentioned above. Fig. 11 shows the relationship 
between the dispersion slope compensating ratio of the 
first dispersion compensating device 141 provided on 
the first common transmission line 111 at the wavelength 
of 1 .55|xm and the dispersion deviation in this dispersion 
compensating system 100,200 in the signal wavelength 
band including the C band(indicated by hollow bullets) 
and L band(indicated by hollow triangles). 
[0091 ] As shown in Fig. 1 1 , the dispersion slope com- 
pensating ratio of the first dispersion compensating de- 
vice 141 provided on the first common transmission line 
1 11 at the wavelength of 1 .55 urn needs to fall within a 
range of 60 to 1 50% so as to yield a dispersion deviation 
of ±0.5 ps/nm/km. Moreover, the dispersion slope com- 
pensating ratio of the first dispersion compensating de- 
vice 141 provided on the first common transmission line 
111 at the wavelength of 1.55ujn needs to fall within a 
range of 85 to 1 30% so as to yield a dispersion deviation 
of ±0.2 ps/nm/km. 

[0092] Thus, the inventors have found that a preferred 
range of the dispersion slope compensating ratio t| of 
the first dispersion compensating device 141 provided 
on the first common transmission line 111 at the wave- 
length of 1 .55ujti is 60 to 150%, more preferably, 85 to 
130%. If the dispersion slope compensating ratio r| of 
the first dispersion compensating device 141 provided 
on the first common transmission line 111 at the wave- 
length of 1 .55u.m lies within this range, then fluctuations 
in dispersion among wavelengths are suppressed. 



[0093] A fifth embodiment of the dispersion-compen- 
sating system in accordance with the present invention 
will now be explained. Fig. 12 is a schematic block dia- 
„ gram of the dispersion-compensating system 500 in ac- 
5 cordance with the fifth embodiment. The dispersion- 
compensating system 500 comprises, successively on 
a main transmission Iine51 0 between an input end 500a 
and an output end 500b, a dispersion-compensating de- 
vice 531, a demultiplexer 542, a dispersion-compensat- 

io ing device 532, a demultiplexer 543, a dispersion-com- 
pensating device 533, and a multiplexer 550. Each of 
the dispersion-compensating devices 531 to 533 is pref- 
erably a dispersion-compensating optical fiber, whereas 
each of the demultiplexers 542, 543 is a WDM coupler. 

15 [0094] The demultiplexer 542 demultiplexes optical 
signals (e.g., in a signal wavelength band of 1490 nmto 
1620 nm) outputted from the dispersion-compensating 
device 531 , outputs the optical signals in a first wave- 
length band (e.g., S band of 1490 nm to 1520 nm) as 

20 one of thus demultiplexed wavelength bands to a 
branched transmission line 522, and outputs the optical 
signals in the remaining wavelength band to the disper- 
sion-compensating device 532. The demultiplexer 543 
demultiplexes the optical signals outputted from the dis- 

25 persion-compensating device 532, outputs the optical 
signals in a second wavelength band (e.g., C band of 
1520 nm to "1565 nm) as one of thus demultiplexed 
wavelength bands to a branched transmission line 523, 
and outputs the optical signals in the remaining third 

30 wavelength band (e.g., L band of 1565 nm to 1620 nm) 
to the dispersion-compensating device 533. The multi- 
plexer 550 multiplexes the optical signals in the first 
wavelength band demultiplexed by the demultiplexer 

542 so as to propagate through the branched transmis- 
35 sion line 522, the optical signals in the second wave- 
length band demultiplexed by the demultiplexer 543 so 
as to propagate through the branched transmission line 
523, and the optical signals outputted from the disper- 
sion-compensating device 533, and outputs thus multi- 

40 plexed optical signals. The optical signals outputted 
from the multiplexer 550 are outputted to the outside of 
the dispersion-compensating system 500 from the out- 
put end 500b. 

[0095] In this dispersion-compensating system 500, 
*s among the optical signals inputted from the input end 
500a, the optical signals in the first wavelength band de- 
multiplexed by the demultiplexer 542 so as to be output- 
ted to the output end 500b by way of the branched trans- 
mission line 522 and multiplexer 550 are subjected to 
50 dispersion compensation by the dispersion-compensat- 
ing device 531 alone. The optical signals in the second 
wavelength band demultiplexed by the demultiplexer 

543 so as to be outputted to the output end 500b by way 
of the branched transmission line 523 and multiplexer 

55 550 are subjected to dispersion compensation by the 
dispersion-compensating devices 531 , 532. The optical 
signals in the third wavelength band outputted by the 
dispersion-compensating device 533 to the output end 
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500b by way of the multiplexer 550 are subjected to dis- 
persion compensation by the dispersion-compensating 
devices 531 to 533. 

[0096] Two specific operational examples of the dis- 
persion-compensating system 500 in accordance with 
this embodiment will now be explained. Figs. 1 3A to 1 3D 
are charts for explaining a first specific example of dis- 
persion compensating operations of the dispersion- 
compensating system 500 in accordance with the fifth 
embodiment. In the first specific example, the disper- 
sion-compensating device 531 has a negative disper- 
sion in the wavelength band including the first to third 
wavelength bands. The dispersion-compensating de- 
vice 532 has a negative dispersion in the wavelength 
band including the second and third wavelength bands. 
The dispersion-compensating device 533 has a nega- 
tive dispersion In the third wavelength band. As shown 
in Fig. 13A, the optical signals inputted from the input 
end 500a have a positive accumulated dispersion 
amount and a positive slope of accumulated dispersion 
amount in the wavelength band including the first to third 
wavelength bands I to III. 

[0097] In the first specific example, the accumulated 
dispersion amount of the optical signals outputted from 
the dispersion-compensating device 531 at the first 
stage so as to be fed to the demultiplexer 542 (optical 
signals at point A in Fig. 12) is reduced, in the wave- 
length band including the first to third wavelength bands 

I to III, by the dispersion-compensating device 531 hav- 
ing a negative dispersion. Here, the optical signals in 
the first wavelength band I have a sufficiently small ac- 
cumulated dispersion amount as shown in Fig. 13B, 
whereby they are outputted to the branched transmis- 
sion line 522. However, the optical signals in the second 
and third wavelength bands II, III still have a large ac- 
cumulated dispersion amount, so that they are fed to the 
dispersion-compensating device 532. 

[0098] The accumulated dispersion amount of the op- 
tical signals outputted from the dispersion-compensat- 
ing device 532 at the middle stage so as to be fed to the 
demultiplexer 543 (optical signals at point B in Fig. 12) 
is reduced, in the wavelength band including the second 
and third wavelength bands II and III, by the dispersion- 
compensating device 532 having a negative dispersion. 
Here, the optical signals in the second wavelength band 

II have a sufficiently small accumulated dispersion 
amount as shown in Fig. 13C, whereby they are output- 
ted to the branched transmission line 523. However, the 
optical signals in the third wavelength band III still have 
a large accumulated dispersion amount, so that they are 
fed to the dispersion-compensating device 533. 
[0099] The accumulated dispersion amount of the op- 
tical signals outputted from the dispersion-compensat- 
ing device 533 at the last stage so as to be fed to the 
multiplexer 550 (optical signals at point C in Fig. 12) is 
reduced, in the third wavelength band III, by the disper- 
sion-compensating device 533 having a negative dis- 
persion. As a result, the accumulated dispersion amount 



of the optical signals in the third wavelength band III be- 
comes sufficiently small as shown in Fig. 13D. Thus, the 
accumulated dispersion amount of the optical signals 
outputted from the multiplexer 550 to the output end 
5 500b becomes sufficiently small in the wavelength band 
including the first to third wavelength bands I to III. 
[0100] Figs. 14A to 14D are charts for explaining a 
second specific example of dispersion compensating 
operations of the dispersion-compensating system 500 

10 in accordance with the fifth embodiment. In the second 
specific example, both dispersion and dispersion slope 
of the dispersion-compensating device 531 are negative 
in the wavelength band including the first to third wave- 
length bands. In the dispersion-compensating device 

*5 532, both dispersion and dispersion slope are positive 
in the wavelength band including the second and third 
wavelength bands. In the dispersion-compensating de- 
vice 533, both dispersion and dispersion slope are pos- 
itive in the third wavelength band. The optical signals 

20 inputted from the input end 500a have a positive accu- 
mulated dispersion amount and a positive slope of ac- 
cumulated dispersion amount in the wavelength band 
including the first to third wavelength bands I to III as 
shown in Fig. 14A. 

25 [0101] In the second specific example, the accumu- 
lated dispersion amount of the optical signals outputted 
from the dispersion-compensating device 531 atthe first 
stage so as to be fed to the demultiplexer 542 (optical 
signals at point A in Fig. 12) is reduced, in the wave- 

30 length band including the first to third wavelength bands 
I to III, by the dispersion-compensating device 531 
whose dispersion and dispersion slope are both nega- 
tive. Here : the optical signals in the first wavelength 
band I have a sufficiently small accumulated dispersion 

35 amount as shown in Fig. 14B, whereby they are output- 
ted to the branched transmission line 522. However, the 
optical signals in the second and third wavelength bands 
II, III enhance their accumulated dispersion amount in 
the negative direction, so thatthey are fed to the disper- 
se sion-compensating device 532. 

[0102] The accumulated dispersion amount of the op- 
tical signals outputted from the dispersion-compensat- 
ing device 532 at the middle stage so as to be fed to the 
demultiplexer 543 (optical signals at point B in Fig. 12) 

45 is reduced, in the wavelength band including the second 
and third wavelength bands II and III, by the dispersion- 
compensating device 532 whose dispersion and disper- 
sion slope are both positive. Here, the optical signals in 
the second wavelength band II have a sufficiently small 

so accumulated dispersion amount as shown in Fig. 14C, 
whereby they are outputted to the branched transmis- 
sion line 523. However, the optical signals in the third 
wavelength band III still have a large accumulated dis- 
persion amount in the negative direction, so that they 

55 are fed to the dispersion-compensating device 533. 
[0103] The accumulated dispersion amount of the op- 
tical signals outputted from the dispersion-compensat- 
ing device 533 at the last stage so as to be fed to the 
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multiplexer 550 (optical signals at point C in Fig. 12) is 
reduced, in the third wavelength band III, by the disper- 
sion-compensating device 533 whose chromatic disper- 
sion and dispersion slope are both positive. As. a result, 
the accumulated dispersion amount of the optical sig- 5 
nals in the third wavelength band III becomes sufficiently 
small as shown in Fig. 14D. Thus, the accumulated dis- 
persion amount of the optical signals outputted from the 
multiplexer 550 to the output end 500b becomes suffi- 
ciently small in the wavelength band including the first 10 
to third wavelength bands I to III. 
[0104] Thus, in the dispersion-compensating system 
500, the respective optical signals in the first to third 
wavelength bands are subjected to different numbers of 
dispersion-compensating devices, whereby appropriate is 
dispersion compensation is effected. As a conse- 
quence, the dispersion-compensating system 500 can 
reduce accumulated dispersion over a wide wavelength 
band including the first to third wavelength bands. 
[0105] A sixth embodiment of the dispersion-compen- 20 
sating system in accordance with the present invention 
will now be explained. Fig. 15 is a schematic block dia- 
gram of the dispersion -compensating system 600 in ac- 
cordance with the sixth embodiment. The dispersion- 
compensating system 600 comprises, successively on 25 
a main transmission line 61 0 between an input end 600a 
and an output end 600b, a demultiplexer 641 , a disper- 
sion-compensating device 631 , a demultiplexer 642, a 
dispersion-compensating device 632, and a multiplexer 
650. Preferably, each of the demultiplexers 641 , 642 is 30 
a WDM coupler. 

[0106] The demultiplexer 641 demultiplexes optical 
signals (e.g., in a signal wavelength band of 1490 nm to 
1620 nm) fed from the input end 600a, outputs the op- 
tical signals in a first wavelength band (e.g., S band of 35 
1490 nm to 1520 nm) as one of thus demultiplexed 
wavelength bands to a branched transmission line 621 , 
and outputs the optical signals in the remaining wave- 
length band to the dispersion-compensating device 631 . 
The demultiplexer 642 demultiplexes the optical signals 40 
outputted from the dispersion-compensating device 
631 , outputs the optical signals in a second wavelength 
band (e.g., C band of 1520 nm to 1565 nm) as one of 
thus demultiplexed wavelength bands to a branched 
transmission line 622, and outputs the optical signals in 45 
the remaining third wavelength band (e.g., L band of 
1565 nm to 1620 nm) to the dispersion-compensating 
device 632. The multiplexer 650 multiplexes the optical 
signals in the first wavelength band outputted from the 
demultiplexer 642 so as to propagate through the so 
branched transmission line 621 , the optical signals in 
the second wavelength band outputted from the demul- 
tiplexer 642 so as to propagate through the branched 
transmission line 622, and the optical signals outputted 
from the dispersion-compensating device 632, and out- 55 
puts thus multiplexed optical signals. The optical signals 
outputted from the multiplexer 650 are outputted to the 
outside of the dispersion-compensating system 600 



from the output end 600b. 

[0107] In this embodiment, the dispersion-compen- 
sating device 631 is a dispersion-compensating optical 
fiber, whereas the dispersion-compensating device 632 
comprises a three-terminal circulator 632A and a 
chirped fiber grating 632B. The three-terminal circulator 
632A outputs to the chirped fiber grating 632B the opti- 
cal signals fed from the demultiplexer 642, and also out- 
puts to the multiplexer 650 the optical signals fed from 
the chirped fiber grating 632B. The chirped fiber grating 
632B is a fiber grating having a refractive index modu- 
lation formed in the optical waveguide region of an op- 
tical fiber, in which intervals of the refractive index mod- 
ulation changes longitudinally. Light having a certain 
wavelength is reflected at a position where the refractive 
index modulation has an interval satisfying Bragg con- 
dition therefor. Namely, the dispersion of the optical sig- 
nals reaching the multiplexer 650 from the demultiplexer 
642 is compensated for by this action in the dispersion- 
compensating device 632 comprising the three-terminal 
circulator 632A and chirped fiber grating 632B, since 
these optical signals travel over different optical path 
lengths depending on their wavelength. 
[0108] As a consequence, among the optical signals 
fed to the input end 600a in this dispersion-compensat- 
ing system 600, the optical signals in the first wave- 
length band outputted to the output end 600b from the 
demultiplexer 641 by way of the branched transmission 
line 621 and multiplexer 650 would not be subjected to 
dispersion compensation. The optical signals in the sec- 
ond wavelength band outputted to the output end 600b 
from the demultiplexer 642 by way of the branched 
transmission line 622 and multiplexer 650 are subjected 
to dispersion compensation by the dispersion-compen- 
sating device 631 alone. The optical signals in the third 
wavelength band outputted to the output end 600b from 
the dispersion-compensating device 632 by way of the 
multiplexer 650 are subjected to dispersion compensa- 
tion by the dispersion-compensating devices 631 and 
632. 

[0109] Thus, in the dispersion-compensating system 
600, the optical signals in the first wavelength band, for 
which no dispersion compensation is necessary are 
outputted without any dispersion compensation. The re- 
spective optical signals in the second and third wave- 
length bands, for which dispersion compensation is nec- 
essary, are subjected to different numbers of dispersion- 
compensating devices, whereby appropriate dispersion 
compensation is effected. As a consequence, the dis- 
persion-compensating system 600 can reduce accumu- 
lated dispersion over a wide wavelength band including 
the first to third wavelength bands. 
[01 10] A seventh embodiment of the dispersion-com- 
pensating system in accordance with the present inven- 
tion will now be explained. Fig. 16 is a schematic block 
diagram of the dispersion-compensating system 700 in 
accordance with the seventh embodiment. The disper- 
sion-compensating system 700 comprises, successive- 
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ly on a main transmission line 71 0 between an input end 
700a and an output end 700b f a demultiplexer 741 , a 
dispersion-compensating device 731 , a demultiplexer 
742, a dispersion-compensating device 732, a demulti- 
plexer 743, a dispersion-compensating device 733, and 
an optical amplifier 760. Also, this diagram shows re- 
ceivers 791, 792 and an ADM (Add-Drop Multiplexer) 
793. Preferably, each of the dispersion-compensating 
devices 731 to 733 is a dispersion -compensating optical 
fiber, whereas each of the demultiplexers 741 to 743 is 
a WDM coupler. 

[0111] The demultiplexer 741 demultiplexes optical 
signals (e.g., in a signal wavelength band of 1450 nmto 
1620 nm) fed from the input end 700a, outputs the op- 
tical signals in a first wavelength band (e.g., S+ band of 
1450 nm to 1490 nm) as one of thus demultiplexed 
wavelength bands to an output end 700c by way of a 
branched transmission line 721 , and outputs the optical 
signals in the remaining wavelength band to the disper- 
sion-compensating device 731 . The demultiplexer 742 
demultiplexes the optical signals outputted from the dis- 
persion-compensating device 731 , outputs the optical 
signals in a second wavelength band (e.g., S band of 
1490 nm to 1520 nm) as one of thus demultiplexed 
wavelength bands to an output end 700d by way of a 
branched transmission line 722, and outputs the optical 
signals in the remaining wavelength band to the disper- 
sion-compensating device 732. The demultiplexer 743 
demultiplexes the optical signals outputted from the dis- 
persion-compensating device 732, outputs the optical 
signals in a third wavelength band (e.g., C band of 1 520 
nm to 1565 nm) as one of thus demultiplexed wave- 
length bands to an output end 700e by way of a 
branched transmission line 723, and outputs the optical 
signals in the remaining fourth wavelength band (e.g., 
L band of 1565 nm to 1 620 nm) to the dispersion-com- 
pensating device 733. The optical amplifier 760 ampli- 
fies the optical signals outputted from the dispersion- 
compensating device 733 and outputs thus amplified 
optical signals to the output end 700b. 
[0112] In the dispersion-compensating system 700, 
among the optical signals fed from the input end 700a, 
the optical signals in the first wavelength band demulti- 
plexed by the demultiplexer 741 so as to be outputted 
to the output end 700c by way of the branched trans- 
mission line 721 are received by the receiver 791 with- 
out being subjected to dispersion compensation by any 
dispersion -compensating device. The optical signals in 
the second wavelength band demultiplexed by the de- 
multiplexer 742 so as to be outputted to the output end 
700d by way of the branched transmission line 722 are 
subjected to dispersion compensation by the disper- 
sion-compensating device 731 alone and are received 
by the receiver 792. The optical signals in the third wave- 
length band demultiplexed by the demultiplexer 743 so 
as to be outputted to the output end 700e by way of the 
branched transmission line 723 are subjected to disper- 
sion compensation by the dispersion-compensating de- 



vices 731 , 732 and are transmitted to other systems by 
way of the ADM 793. The optical signals in the fourth 
wavelength band outputted to the output end 700b are 
subjected to dispersion compensation by the disper- 
5 sion-compensating devices 731 to 733 and are ampli- 
fied by the optical amplifier 760, so as to be transmitted 
to later stages. 

[0113] Thus, in the dispersion-compensating system 
700, the optical signals in the first wavelength band, for 

10 which no dispersion compensation is necessary, are 
outputted from the output end 700c without any disper- 
sion compensation and are received by the receiver 
791 . The respective optical signals in the second to 
fourth wavelength bands are subjected to different num- 

15 bers of dispersion-compensating devices, whereby ap- 
propriate dispersion compensation is effected, so as to 
be outputted from their corresponding output ends 
700b, 700d, and 700e. The optical signals in the fourth 
wavelength band sent out to later stages are amplified 

20 by the optical amplifier 760 and then are outputted from 
the output end 700b. As a consequence, the dispersion- 
compensating system 700 can be employed as a func- 
tional apparatus capable of selecting optical signals 
over a wide wavelength band including the first to fourth 

25 wavelength bands while reducing their accumulated dis- 
persion. 

[01 14] An eighth embodiment of the dispersion-com- 
pensating system in accordance with the present inven- 
tion will now be explained. Fig. 17 is a schematic block 

30 diagram of the dispersion-compensating system 800 in 
accordance with the eighth embodiment. The disper- 
sion-compensating system 800 comprises first and sec- 
ond common transmission lines 811 , 812, first to fourth 
branched transmission lines 821 to 824, a demultiplexer 

35 831 , a multiplexer 832, and first to fourth dispersion- 
compensating devices 841 to 844. The dispersion-com- 
pensating system 800 is connected to an external sin- 
gle-mode optical fiber 1 by way of an input end corre- 
sponding to one end of the first common transmission 

40 line 811. As a consequence, the optical signals propa- 
gating through the single-mode optical fiber 1 are fed to 
the dispersion-compensating system 800 from the input 
end 815. 

[0115] The demultiplexer 831 is provided between the 
45 first common transmission line 81 1 and the first to fourth 
branched transmission lines 821 to 824. The demulti- 
plexer 831 demultiplexes the optical signals in the signal 
wavelength band of 1 450 nm to 1 620 nm propagating 
through the first common transmission line 811 into S+ 
so band (1450 nm to 1490 nm), S band (1490 nm to 1520 
nm), C band (1520 nm to 1565 nm), and L band (1565 
nm to 1 620 nm). Also, the demultiplexer 831 outputs the 
optical signals in S+ band to the first branched transmis- 
sion line 821 , the optical signals in S band to the second 
55 branched transmission line 822, the optical signals in C 
band to the third branched transmission line 823, and 
the optical signals in L band to thefourth branched trans- 
mission line 824. 
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[0116] The multiplexer 832 is provided between the 
second common transmission line 812 and the first to 
fourth branched transmission lines 821 to 824. The mul- 
tiplexer 832 multiplexes the optical signals in S+ band 
propagating through the first branched transmission line 5 
821 , the optical signals in S band propagating through 
the second branched transmission line 822, the optical 
signals in C band propagating through the third 
branched transmission line 823, and the optical signals 
in L band propagating through the fourth branched io 
transmission line 824, and outputs thus multiplexed op- 
tical signals to the second common transmission line 
812. The optical signals outputted from the multiplexer 
832 so as to propagate through the second common 
transmission line 812 are outputted to the outside by 15 
way of an output end 81 6 which corresponds to one end 
of the second common transmission line 812. 
[01 1 7] Here : the first dispersion-compensating device 
841 is provided on the first common transmission line 
81 1 . The first dispersion-compensating device 841 com- 20 
pensates for the dispersion in S+, S, C and L bands. 
However, though the first dispersion-compensating de- 
vice 841 can fuhy compensate for the dispersion in S+ 
band, it cannot sufficiently compensate for the disper- 
sion in S, C. and L bands. On the other hand, the second 25 
dispersion-compensating device 842 is provided on the 
second branched transmission line 822. As a conse- 
quence, the dispersion in S band, which has not suffi- 
ciently been compensated for by the first dispersion- 
compensating device 841 , is fully compensated for by 30 
the second dispersion-compensating device 842. Also, 
the third dispersion-compensating device 843 is provid- 
ed on the third branched transmission line 823. There- 
fore, the dispersion in C band, which has not sufficiently 
been compensated for by the first dispersion-compen- 35 
sating device 841, is fully compensated for by the third 
dispersion-compensating device 843. Further, the 
fourth dispersion-compensating device 844 is provided 
on the fourth branched transmission line 824. As a con- 
sequence, the dispersion in L band, which has not suf- 40 
ficiently been compensated for by the first dispersion- 
compensating device 841 , is fully compensated for by 
the fourth dispersion-compensating device 844. 
[0118] Preferably, the second to fourth dispersion- 
compensating devices for compensating for the disper- 45 
sions in the individual wavelength bands demultiplexed 
by the demultiplexer 831 have a module form as being 
wound like a coil. As a consequence, the space for in- 
stallation is reduced, and the cost of installation is cut 
down. _ 50 

[0119] Provided on the first branched transmission 
line 821 are optical amplifiers 851, 855 which amplify 
optical signals in S+ band. Provided on the second 
branched transmission line 822 are optical amplifiers 
852, 856 which amplify optical signals in S band. Pro- 55 
vided on the third branched transmission line 823 are 
optical amplifiers 853, 857 which amplify optical signals 
in C band. Provided on thefourth branched transmission 



line 824 are optical amplifiers 854, 858 which amplify 
optical signals in L band. Here, it will be sufficient if an 
optical amplifier is provided on at least one of the input 
end side and output end side of each of the first to fourth 
branched transmission lines 821 to 824. As the optical 
amplifier, a Raman amplifier such as one disclosed in 
"Crosstalk Bandwidth in Backward Pumped Fiber Ram- 
an Amplifiers" (IEEE PHOTONICS TECHNOLOGY 
LETTERS, NOVEMBER 1999, VOL 11, NO. 11, pp. 
1417-1449, Jun Shan Wey et aJ.), for example, can be 
used. 

[0120] Here, in the dispersion-compensating system 
800 in accordance with this embodiment, the dispersion 
deviation in a signal wavelength band of 1520 nm to 
1620 nm (C and L bands) will be favorable if it is ± 0.5 
ps/nm/km or less, preferably ±0:2 ps/nm/km or less, 
more preferably ± 0.1 ps/nm/km or less, further prefer- 
ably ±0.05 ps/nm/km or less, most preferably ± 0.025 
ps/nm/km or less. 

[0121] In general, the demand for dispersion be- 
comes severer as the bit rate of optical signals increas- 
es. While accumulated dispersion is required to be 1 000 
ps/nm or less at a signal speed of 1 0 Gbits/s, it is needed 
to be 250 ps/nm or less and 63 ps/nm or less when the 
signal speed rises to 20 Gbits/s and 40 Gbits/s, respec- 
tively. Thus, \X becomes harder to transmit optical sig- 
nals as the signal speed rises or the transmission line 
elongates. 

[0122] For example, when transmission over a dis- 
tance of 10000 km required for transpacific communi- 
cations is taken into consideration by use of optical sig- 
nals at 10 Gbits/s, accumulated dispersion is required 
to be 1 000 ps/nm or less, whereby dispersion is needed 
to be 0.1 ps/nm/km or less. 

[0123] Similarly, when transmission over a distance 
of 5000 km in view of transatlantic communications is 
taken into consideration, dispersion is needed to be 0.2 
ps/nm/km or less. Further, when transmission over a 
distance of 2000 km is taken into consideration, disper- 
sion is needed to be 0.5 ps/nm/km or less. 
[0124] When transmission over a distance of 10000 
km is taken Into consideration by use of optical signals 
at 20 Gbits/s, accumulated dispersion is required to be 
250 ps/nm or less, whereby dispersion is needed to be 
0.025 ps/nm/km or less. When transmission over a dis- 
tance of 5000 km Is taken into consideration, dispersion 
is needed to be 0.05 ps/nm/km or less. 
[0125] Therefore, if the dispersion deviation in a sig- 
nal wavelength band of 1520 nm to 1620 nm (C and L 
bands) is ±0.5 ps/nm/km or less, then transmission over 
a distance of 2000 km is possible by use of optical sig- 
nals at 10 Gbits/s. If the dispersion deviation is ±0.2 ps/ 
nm/km or less, then transmission over a distance of 
5000 km is possible by use of optical signals at 1 0 Gbits/ 
s. If the dispersion deviation is ±0.1 ps/nm/km or less, 
then transmission over a distance of 1 0000 km is pos- 
sible by use of optical signals at 10 Gbits/s. If the dis-, 
persion deviation is ±0.05 ps/nm/km or less, then trans- 
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mission over a distance of 5000 km is possible by use 
of optical signals at 20 Gbits/s. If the dispersion devia- 
tion is ± 0.025 ps/nm/km or less, then transmission over 
a distance of 1 0000 km is possible by use of optical sig- 
nals at 20 Gbits/s. 5 
[0126] Currently, demands for enhancing the trans- 
mission capacity has been increasing, and studies for 
increasing the transmission speed and broadening the 
wavelength band in use have been underway in order 
to respond to these demands. Along therewith, attention 10 
has been paid to S band (1490 nm to 1520 nm) and S+ 
band (1 450 nm to 1 490 nm) in addition to C band (1 520 
nm to 1565 nm) and L band (1565 nm to 1620 nm). For 
enhancing the transmission capacity, it is effective to 
use all these bands. 15 
[0127] Hence, in the dispersion-compensating sys- 
tem 800 in accordance with this embodiment, the dis- 
persion deviation in a signal wavelength band of 1490 
nm to 1620 nm including S band in addition to C and L 
bands will be favorable if it is ± 0.5 ps/nm/km or less, 20 
preferably ±0.2 ps/nm/km or less, more preferably ±0.1 
ps/nm/km or less, most preferably ± 0.05 ps/nm/km or 
less. If the dispersion deviation in the signal wavelength 
band of 1490 nm to 1620 nm (S, C, and L bands) is ± 
0.5 ps/nm/km or less, then transmission over a distance 25 
of 2000 km is possible by use of optical signals at 10 
Gbits/s. If the dispersion deviation is± 0.2 ps/nm/km or 
less, then transmission over a distance of 5000 km is 
possible by use of optical signals at 10 Gbits/s. If the 
dispersion deviation is ±0.1 ps/nm/km or less, then 30 
transmission over a distance of 1 0000 km is possible by 
use of optical signals at 1 0 Gbits/s. If the dispersion de- 
viation is ±0.05 ps/nm/km or less, then transmission 
over a distance of 5000 km is possible by use of optical 
signals at 20 Gbits/s. 35 
[0128] Further, in the dispersion-compensating sys- 
tem 800 in accordance with this embodiment, the dis- 
persion deviation in a signal wavelength band of 1450 
nm to 1620 nm including S+ band in addition to C, L, 
and S bands will be favorable if it is ±0.5 ps/nm/km or 40 
less, preferably ±0.2 ps/nm/km or less. If the dispersion 
deviation in the signal wavelength band of 1450 nm to 
1620 nm (S+, S, C, and L bands) is ± 0.5 ps/nm/km or 
less, then transmission over a distance of 2000 km is 
possible by use of optical signals at 10 Gbits/s. If the 45 
dispersion deviation is ±0.2 ps/nm/km or less, then 
transmission over a distance of 5000 km is possible by 
use of optical signals at 10 Gbits/s. 
[0129] Thus, in the dispersion-compensating system 
800 in accordance with the eighth embodiment, as for so 
S+ band in the signal wavelength band of 1450 nm to 
1620 nm, its dispersion is compensated for by the first 
dispersion-compensating device 841 , whereas its opti- 
cal signals are amplified by the optical amplifiers 851, 
855. As for S band, its dispersion is compensated for by 55 
both of the first and second dispersion-compensating 
devices 841 , 842, whereas its optical signals are ampli- 
fied by the optical amplifiers 852, 856. As for C band, its 



dispersion is compensated for by both of the first and 
third dispersion-compensating devices 841, 843, 
whereas its optical signals are amplified by the optical 
amplifiers 853, 857. As for L band, its dispersion is com- 
pensated for by both of the first and fourth dispersion- 
compensating devices 841 , 844, whereas its optical sig- 
nals are amplified by the optical amplifiers 854, 858. As 
a result, over a wide range of signal wavelength bands 
including S+, S, C, and L bands, the dispersion of optical 
transmission line can fully be reduced, and optical sig- 
nals can be amplified. The dispersion-compensating 
system 800 in accordance with the eighth embodiment 
is suitably used for a repeater station. 
[01 30] A specific example of the dispersion-compen- 
sating system 800 in accordance with the eighth embod- 
iment will now be shown. 

[0131] Employed as the single-mode optical fiber 1 is 
one comprising a core made of pure silica and claddings 
made of silica doped with F element, while having a ze- 
ro-dispersion wavelength near a wavelength of 1.3 \xm 
This single-mode optical fiber 1 has, at a wavelength of 
1 .55 u.m, adispersion of 20.4 ps/nm/km and a dispersion 
slope of 0.059 ps/nm 2 /km. 

[0132] As the first dispersion-compensating device 
841 , a dispersion-compensating optical fiber having the 
refractive index profile shown in Figs. 1 8A, 1 8B is used. 
In the first dispersion-compensating device (dispersion- 
compensating optical fiber) 841 , a core 31 has a diam- 
eter 2a of 4.2 ujti, a first cladding 32 has an outside di- 
ameter 2b of 7.3 ujti, and a second cladding 33 has an 
outside diameter 2c of 22 jim. The relative refractive in- 
dex difference A + of the core 31 with respect to a third 
cladding 34 is 1.4%, the relative refractive index differ- 
ence A" of the first cladding 32 with respect to the third 
cladding 34 is - 0.7%, and the relative refractive index 
difference A 3 of the second cladding 33 with respect to 
the third cladding 34 is 0.09%. Also, the first dispersion- 
compensating device 841 has, at a wavelength of 1 .55 
u, m, a dispersion of -64.4 ps/nm/km and a dispersion 
slope of -0.207 ps/nm 2 /km. 

[0133] Employed as the second dispersion-compen- 
sating device 842 is a dispersion-shifted optical fiber 
having a zero-dispersion wavelength of 1502 nm, and 
a dispersion slope of 0.12 ps/nm 2 /km at a wavelength 
of 1.55 u.m. 

[0134] Employed as the third dispersion-compensat- 
ing device 843 is a dispersion -shifted optical fiber having 
a zero-dispersion wavelength of 1518 nm, and a disper- 
sion slope of 0.12 ps/nm 2 /km at a wavelength of 1.55 
fim. 

[0135] Employed as the fourth dispersion-compen- 
sating device 844 is a dispersion -shifted optical fiber 
having a zero-dispersion wavelength of 1530 nm, and 
a dispersion slope of 0.12 ps/nm 2 /km at a wavelength 
of 1 .55 um. 

[0136] Fig. 19 shows total dispersion characteristics 
in the case where such single-mode optical fiber 1 and 
first to fourth dispersion-compensating devices (disper- 
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sion-compensating optical fibers) 841 to 844 are con- 
nected together such that the single-mode optical fiber 
1 has a length of 37.6 km, the first dispersion-compen- 
sating device 841 has a length of 12.4 km, the second 
dispersion-compensating device 842 has a length of 3.5 s 
km, the third dispersion-compensating device 843 has 
a length of 8.8 km, and the fourth dispersion-compen- 
sating device 844 has a length of 11.5 km. As can be 
seen from Fig. 19, dispersion deviation is suppressed 
to± 0.025 ps/nm/km or less in a signal wavelength band 10 
of 1520 nm to 1620 nm (C and L bands). 
[0137] In a signal wavelength band of 1490 nm to 
1620 nm (S, C, and L bands), dispersion deviation is 
suppressed to ±0.05 ps/nm/km or less. 
[0138] In a signal wavelength band of 1450 nm to 15 
1620 nm (S+, S, C, and L bands), dispersion deviation 
is suppressed to ±0.2 ps/nm/km or less. 
[0139] Without being restricted to the above-men- 
tioned embodiments, the present invention can be mod- 
ified in various manners. For example, the dispersion- 20 
compensating system in accordance with the first or 
third embodiment may further comprise optical amplifi- 
ers for the C band ana optical amplifiers for L band as 
well. 

[0140] Also, in the dispersion-compensating system 25 
in accordance with the eighth embodiment, an addition- 2. 
al dispersion-compensating device may be provided on 
the first branched transmission line (821 in Fig. 17). As 
a consequence, even when the dispersion in S+- band 
is not fully compensated for by the first dispersion-corn- 30 
pensating device 841 , it can further be compensated for 
by the additional dispersion-compensating device on 
the first branched transmission line. 
[0141] From the foregoing explanations of the inven- 
tion, it will be obvious that the same may be varied in 35 
many ways. Such variations are not to be regarded as 3. 
a departure from the spirit and scope of the invention, 
and all such modifications as would be obvious to one 
skilled in the art are intended to be included within the 
scope of the following claims. 40 

Industrial Applicability 

4. 

[0142] The dispersion-compensating system of the 
present invention can fully reduce dispersion in a wide -*5 
signal wavelength band. Hence, an optical transmission 
system employing the dispersion-compensating system 
of the present invention can carry out optical communi- 
cations with a large capacity. 

so 

Claims 

5. 

1. A dispersion-compensating system for a signal 

wavelength band of 1 520 nm to 1 620 nm, said sys- 55 
tern comprising: 

a first common transmission line through which 6. 



light in said signal wavelength band propa- 
gates; 

first and second branched transmission lines 
branching off from said first common transmis- 
sion line; 

a demultiplexer, provided between said first 
common transmission line and said first and 
second branched transmission lines, for demul- 
tiplexing light in said signal wavelength band 
propagating through said first common trans- 
mission line into first and second wavelength 
bands, and outputting light in said first wave- 
length band into said first branched transmis- 
sion line and light in said second wavelength 
band into said second branched transmission 
line; 

a first dispersion-compensating device, provid- 
ed on said first common transmission line, for 
compensating for at least a dispersion in said 
first wavelength band; and 
a second dispersion-compensating device, 
provided on said second branched transmis- 
sion line, for compensating for at least a disper- 
sion in said second wavelength band. 

A dispersion-compensating system according to 
claim 1 , wherein said first dispersion-compensating 
device compensates for the dispersion in said first 
wavelength band so as to yield a dispersion devia- 
tion of ± 0.5 ps/nm/km or less, and said first and 
second dispersion-compensating devices compen- 
sate for the dispersion in said second wavelength 
band so as to yield a dispersion deviation of ±0.5 
ps/nm/km or less. 

A dispersion-compensating system according to 
claim 1 , further comprising a third dispersion-com- 
pensating device provided on said first branched 
transmission line, said first and third dispersion- 
compensating devices compensating for the dis- 
persion in said first wavelength band. 

A dispersion-compensating system according to 
claim 3, wherein said first and third dispersion-com- 
pensating devices compensate for the dispersion in 
said first wavelength band so as to yield a disper- 
sion deviation of ±0.5 ps/nm/km or less, and said 
first and second dispersion-compensating devices 
compensate forthe dispersion in said second wave- 
length band so 'as to yield a dispersion deviation of 
±0.5 ps/nm/km or less. 

A dispersion-compensating system according to 
claim 1 , said first dispersion compensating device 
has a dispersion slope compensating ratio of 60 to 
150% at the wavelength of 1 .55 jam. 

A dispersion-compensating system according to 
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claim 1 , further comprising a multiplexer for multi- 
plexing light in said first wavelength band propagat- 
ing through said first branched transmission line 
and light in said second wavelength band propagat- 
ing through said second branched transmission 5 
line. 

7. A dispersion-compensating system according to 
claim 1, further comprising: 

10 

a first optical amplifier, provided on said first 
branched transmission line : for amDlifying light 
in said first wavelength band; and 
a second optical amplifier, provided on said 
second branched transmission line, for ampli- 15 
tying light in said second wavelength band. 

8. A dispersion-compensating system according to 
claim 7, wherein said first and second optical am- 
plifiers include a Raman amplifier. 20 

9. A dispersion-compensating system for a signal 
wavelength band of 1 520 nm to 1 620 nm, said sys- 
tem comprising: 

25 

a first common transmission li ne through which 
light in said signal wavelength band propa- 
gates; 

first and second branched transmission lines 
branching off from said first common transmis- 30 
sion line; 

a demultiplexer, provided between said first 
common transmission line and said first and 
second branched transmission lines, fordemul- 
tiplexing light in said signal wavelength band 35 
propagating through said first common trans- 
mission line into first and second wavelength 
bands, and outputting light in said first wave- 
length band into said first branched transmis- 
sion line and light in said second wavelength 40 
band into said second branched transmission 
line; 

a first dispersion-compensating device, provid- 
ed on said first branched transmission line, for 
compensating for a dispersion In said first 45 
wavelength band; and 

a second dispersion-compensating device, 
provided on said second branched transmis- 
sion line, for compensating for a dispersion in 
said second wavelength band. so 

10. A. dispersion-compensating system according to 
claim 9, wherein said first dispersion-compensating 
device compensates for the dispersion in said first 
wavelength band so as to yield a dispersion devia- 55 
tion of ±0.5 ps/nm/km or less, and said second dis- 
persion-compensating device compensates for the 
dispersion in said second wavelength band so as 



to yield a dispersion deviation of ±0.5 ps/nm/km or 
less. 

11. A dispersion-compensating system according to 
claim 9, further comprising a multiplexer for multi- 
plexing light in said first wavelength band propagat- 
ing through said first branched transmission line 
and light in said second wavelength band propagat- 
ing through said second branched transmission 
line. 

12. ^ dispersion-compensating system according to 
claim 9, further comprising: 

a first optical amplifier, provided on said first 
branched transmission line, for amplifying light 
in said first wavelength band; and 
a second optical amplifier, provided on said 
second branched transmission line, for ampli- 
fying light in said second wavelength band. 

13. A dispersion-compensating system according to 
claim 12, wherein said first and second optical am- 
plifiers include a Raman amplifier. 

14. A dispersion-compensating system comprising N 
dispersion-compensating devices DC^ to DC N 
(Ate2) successively provided on a main transmis- 
sion line between an input end and an output end; 
and 

a demultiplexer DIV n (2<n<N), provided be- 
tween dispersion-compensating devices DC rv1 and 
DC n in said N dispersion-compensating devices 
DC 1 to DC N , fordemultiplexing an optical signal out- 
putted from said dispersion-compensating device 
DC^, outputting an optical signal in thus demulti- 
plexed one wavelength band to said dispersion- 
compensating device DC n , and outputting an opti- 
cal signal in the other wavelength band to a 
branched transmission line P n ; 

wherein a dispersion of the wavelength band 
demultiplexed by said demultiplexers© as to be out- 
putted to said branched transmission line P n is com- 
pensated for by the dispersion-compensating de- 
vices DC 1 to DC n .., (2<n<A/) in said N dispersion- 
compensating devices DC, to DC N . 

15. A dispersion-compensating system according to 
claim 14, further comprising a demultiplexer DIV 1f 
provided in front of the first-stage dispersion-com- 
pensating device DC 1 in said N dispersion-compen- 
sating devices DC, to DC N , for demultiplexing the 
optical signal fed to said input end, outputting an 
optical signal in thus demultiplexed one wavelength 
band to said dispersion-compensating device DCj, 
and outputting an optical signal in the other wave- 
length band to a branched transmission line P v 
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16. A dispersion-compensating system according to 
claim 14, further comprising a multiplexing section 
for inputting therein an optical signal outputted from 
the last-stage dispersion-compensating device 
DC N in said N dispersion-compensating devices 
DC 1 to DC N and an optical signal outputted to said 
branched transmission line P n from said demulti- 
plexer DIV n (2<n<N), multiplexing said optical sig- 
nals, and outputting thus multiplexed optical sig- 
nals. 

17. A dispersion-compensating system according to 
claim 15, further comprising a multiplexing section 
for inputting therein an optical signal outputted from 
the last-stage dispersion-compensating device 
DC N in said N dispersion-compensating devices 
DC 1 to DC N and an optical signal outputted to said 
branched transmission line P n from said demulti- 
plexer DIV n (1<n</V), multiplexing said optical sig- 
nals, and outputting thus multiplexed optical sig- 
nals. 

18. A dispersion-compensaiing system demultiplexing 
an optical signal inputted by way of a common 
transmission line into a plurality of wavelength 
bands and comprising a plurality of dispersion -com- 
pensating devices for compensating for respective 
dispersions in thus demultiplexed wavelength 
bands. 

19. A dispersion-compensating system according to 
claim 18, wherein the number of wavelength bands 
to be demultiplexed is at least 2 but not greater than 
5. 

20. A dispersion-compensating system according to 
claim 18, wherein the wavelength bands to be de- 
multiplexed are S+, S, C, and L bands. 

21. A dispersion-compensating system according to 
claim 18, having a dispersion deviation of ±0.5 ps/ 
nm/km or less in a signal wavelength band of 1520 
nm to 1620 nm. 

22. A dispersion-compensating system according to 
claim 21 , wherein said dispersion deviation is ±0.2 
ps/nm/km or less. 

23. A dispersion-compensating system according to 
claim 21 , wherein said dispersion deviation is ±0.1 
ps/nm/km or less. 

24. A dispersion-compensating system according to 
claim 21 , wherein said dispersion deviation is ± 0.05 
ps/nm/km or less. 

25. A dispersion-compensating system according to 
claim 21, wherein said dispersion deviation is ± 



0.025 ps/nm/km or less. 

26. A dispersion-compensating system according to 
claim 18, having a dispersion deviation of ± 0.5 ps/ 

5 nm/km or less in a signal wavelength band of 1490 
nm to 1620 nm. 

27. A dispersion-compensating system according to 
claim 26, wherein said dispersion deviation is ±0.2 

io ps/nm/km or less. 

28. A dispersion-compensating system according to 
claim 26, wherein said dispersion deviation is ±0.1 
ps/nm/km or less. 

15 

29. A dispersion-compensating system according to 
claim 26, wherein said dispersion deviation is ± 0.05 
ps/nm/km or less. 

20 30. A dispersion-compensating system according to' 
claim 18, having a dispersion deviation of ±0.5 ps/ 
nm/km or less in a signal wavelength band of 1 450 
nmto 1620 nm. 

25 31. A dispersion-compensating system according to 
claim 30, wherein said dispersion deviation is ± 0.2 
ps/nm/km or less. 

32. A dispersion-compensating system according to 
30 claim 18, wherein said dispersion-compensating 
devices for compensating for the respective disper- 
sions in demultiplexed wavelength bands have a 
module form. 
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Fig. 14A 



Fig. 14B 



Fig. 14C 



Fig. 14D 
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Fig. 19 
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